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Preface 


Handbook of Analytical Chemistry is intended for scientific workers, 
and chemistry students in universities, polytechnics, and technical 
colleges. It can be used in solving various problems (both calculating 
and experimental) concerning general chemistry, analytical chemistry, 
chemical technology, and so forth. 

The tables of solubility products, of ionization constants of weak 
acids and bases, and of oxidation-reduction potentials have been 
drawn up according to recent data. When those tables were being 
drawn up, the following works were used: J. Bjerrum, G. Schwarzen- 
bach, L. G. Sillén, Stability Constants of Metal-ion Complezes, with 
Solubility Products of Inorganic Substances, London, 1958; W. M. Lati- 
mer, The Oxidation States of the Elements and Their Potentials in 
Aqueous Solutions, N.Y., 1952; N. V. Axelrud and Ya. A. Fialkov, 
Ukrainskii khimicheskii shurnal, 16, 75, 283, 296 (1950), and other 
articles from Soviet and foreign journals. 

As wo know, tho regults published by various authors concerning 
the determination of given quantities greatly differ from one another. 
It is thorofore oxtremely difficult to sclect the “most probable” value 
of every constant. There is no international body to annually publish 
such “most probable” values of tho givon constants, as is done, for 
instance, by the International Commission concerning atomic weights. 
The selection I have mado from numerous literary data is therefore 
inevitably subjective. I will be very grateful for information pointing 
out cases when this selection was made incorrectly, and will take 
account of such comments in the subsequent publications of the 
book. 

The tables of the densities and concentrations of various acids and 
bases aro drawn up for 20°C. 

The temperature values in all tables are given in degrees Celsius (°C). 

Tables 22, 32, 33, 34B, 35, 39, 47, 48, 51-55 have been compiled 
by P. K. Agasyan, docent of the analytical chemistry department of 
the Moscow State University. 
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Instead of the ordinary table of five-place logarithms, a “simplified” 
table of five-place logarithms and antilogarithms is given at the end 
of the book. It takes up the same space as the tables of four-place 
logarithms, because instead of the real values of the differences be- 
tween mantissas, their mean values are given for every line of the 
table. Errors that arise when using this table are not over (0.00002. 
The other tables in the handbvok give exact values of the live-place 
mantissas of logarithms. 

JuJu. Lurie 


Preliminary Remarks 


The numerical expression of the results: of weighings and other 
measurements, and the subsequent calculations with these numbers 
necessitate a strict observance of several rules. 

Rule 1. All numerical values, whether they are obtained directly 
by measurements or whether they are the derivatives of these measurements, 
must have a certain number of significant digits so that the last figure 
alone is questionable; the second-last figure must be accurate. ; 

For instance, the number 20.24 (ml), which expresses the reading 
of an ordinary burette, contains a proper number of figures, since 
figure 4 was obtained by an approximate (visual) estimate of the 
distance between the edge of the meniscus and the nearest scale divi- 
sion. Consequently, this figure is dubious: another observer could 
read the measurement of the burette as 20.23 or 20.25 ml. If upon 
measuring the solution by a burette, the lower boundary of the menis- 
cus exactly touches the scale division showing 15 ml, the measurement 
result must be expressed by the number 15.00 (ml), since the observa- 
tion error is not over 0.01-0.02 ml. Both zeroes in the number 
15.00 (ml) will be significant digits. The zeroes standing at the begin- 
ning of the number before the first figure which is not a zero are not 
regarded as significant digits. Hence, the number expressing the 
mass of the filter ash 0.00004 (g) contains only one significant digit: 4. 

If the mass is determined in grams and expressed by the number 
23.4 (g) in which the last figure is inaccurate, in order to represent 
this mass in milligrams one must write not 23 400 mg, which would 
give a wrong idea about the accuracy of the weighing, but 234 -10? mg, 
or 2.34-107 mg. 

Rule 2. When discarding the last figure if it is equal to or more 
than 5, the preceding figure must be increased by unity. 

Thus, in discarding the last figure in the number 16.236, we 
obtain 16.24. 

Rule 83. Upon addition (and subtraction) of several numbers, there 
will remain, as a result of calculation, a certain number of figures after 
the point that are in the addend with the least number of decimals. 

Rule 4. Upon multiplication or division, the maximum relative 
error of the product or quotient cannot be less than the relative error in the 
least accurate number from the numbers taken. 

Relative errors are usually expressed in per cent: it is the ratio 
of the maximum possible error of the number to the number itself 
multiplied by 100. 
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If, for instance, it is necessary to multiply 0.0123 -24.62-1.07461 
and if it is taken that the maximum absolute error in each of these 
numbers is not over unity in the last figure, then the corresponding 
relative errors will be: 


aa 
123 


4 
agp 100= 0.04% 


100 = 0.89% 


4 
TOT TET 100= 0.004% 


The first number has the greatest relative error (0.8%). It follows 
that the maximum relative error is not less than 0.8 per cent in the 
product as well. If the first three significant digits 0.325 are kept in 
the product, the last digit will already be inaccurate, since 0.8 per 
cent from 0.325 comes to about 0.003. 

In cases when rule 1 is observed, i.e., when all numbers used in 
the calculation contain not more than one inaccurate figure, it 1s 
possible to apply the more simple (although less accurate) rule 4,4- 

ule 4,a. Upon multiplication and division, asa result of calcula- 
tion, it is necessary to keep a certain number of significant digits which 
are in the number having these digits least of all among the numbers used 
in the calculation. 

In the example given above, the first cofactor has three, the second 
has four, and the third has six significant digits. Consequently, we 
must leave in the product three significant digits and discard tho rest; 
the result will be 0.325. 

Rule 5. In all the intermediate results, it is necessary to keep one 
figure more than is required by the preceding rules. In the final result, 
this “reserve figure” is discarded. 

Rule 6. If some data have more decimals (upon addition and subtrac- 
tion) or more significant digits (upon multiplication and division) than 
others, they must first be rounded, keeping one extra figure (see rule 5). 

Rule 7. Upon multiplication and division with the aid of logarithms, 
it is sufficient to have as many figures in the mantissas as there are signi- 
ficant digits in the least accurate multiplier. 

Therefore, for most calculations, we can confine ourselves to the 
logarithmic table on page 448 of this book. 

Together with an excessive as well as an unsubstantiated accuracy 
of calculations (a long series of figures after the decimal point, when 
already the first one of them is dubious, the use of multi-place loga- 
rithmic tables, and so forth), another error is very common: the 
unnecessary accuracy of individual measurements that leads to the 
finding of figures which in any case will be discarded upon subsequent 
calculations (if these calculations are made correctly). 

Analytical chemists, for instance, have grown accustomed to 
making all melgning on an analytical balance with an accuracy of 
up to 0.0001 g, and they spent much time sitting by the balance, 
determining the correct figure in the fourth decimal. At the same 
time, this accuracy is often pointless. Here are a few examples: 
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1. Antimony is determined in red copper in which the Sb content 
is not more than 0.003%. For analysis, a portion of copper weighin 
10 g is taken. With what accuracy must the copper shaving be wesc 

The result obtained must have not more than two significant 
digits, since copper containing even 0.0031% Sb must be discarded. 
Great accuracy is not needed, and in essence it is unattainable by the 
analytical methods used. Hence, the maximum absolute error in the 
final result is +0.0001%, which makes up +3.3% of the maximum 

ermissible Sb content in the metal. The calculation is made by the 
ormula 


where a = antimony content found; 
g = weighed portion. ; ; 

If a weighed portion of copper is taken with an accuracy of up 
to one-tenth of a gram (+0.1 g), then with respect to the entire portion 
weighing 10 g, the relative error will be +1%, which is far less than 
+3.3%. In other words, if instead of 10 g of copper, 9.9 g or 10.1 g 
are weighed, then with a Sb content of 0.30 mg, this will give, in the 
first case, 0.00303% and, in the second case, 0.00297%, which in 
both cases will be rounded off to 0.0030%. It follows that a weighing 
can be made on technical scales with an accuracy of up to 0.4 g. 

2. The accuracy of the colorimetric methods of analysis (if the 
Optical density of solutions is measured visually and not photocolori- 
metrically or spectrophotometrically) is usually not over +5% of the 
relative errors, while by some other methods, the relative error comes 
to +-10% and more. According to rule 4, the accuracy of the result 
cannot be higher than the accuracy of the least accurate measurement, 
and therefore, no matter how accurately a test is weighed for analysis, 
if this analysis ends with a colorimetric determination, the accuracy 
of the resuits will not be higher than the aforementioned +5%. It 
follows that if 1 g of a test is weighed with an accuracy of +0.01 g, 
i.e., with a maximum relative error of +1%, this accuracy is high 
enough. 

Visual colorimetric methods are used only to determine the compo- 
nents contained in very small amounts in the substance being analysed, 
when a great relative error is permissible in the result obtained. The 
determination of iron in iron ore by the visual colorimetric method 
leads to impermissible errors. ; 

Note. It must not be assumed that, in determining small amounts, 
the colorimetric methods of analysis are less accurate than 
other methods. On the contrary, if in the preceding example 
Sb is determined not by the. colorimetric method (as is 
usually done), but by the gravimetric method, we would 
have to weigh about 0.0003 g of Sb,0,, which on an ordinary 
analytical balance can scarcely be made with a maximum 
error less than -+30% of the relative errors. In addition, 
no account is taken of the inevitable significant error due 
to impurities present in the calcined precipitate, an error 
which anne be eliminated even Gen a microbalance 
is used. 
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3. In the calculation of the results of volumetric-analytical deter- 
minations, the least accurate figure is the number of millilitres of 
a titrating solution used for titration. Since the hundredth parts 
of a millilitre are marked approximately, it can be accepted that the 
maximum measurement error is not less than +-0.02 ml. The error 
due to the remaining residue is also +0.02 ml. Therefore, the overall 
error can be as much as 0.04 ml*. With the total expenditure of 20 ml 
of the titrating solution, this will come to 0.2% of the relative errors. 
It follows that, taking 1 g for analysis, the weighing can be performed 
with an accuracy of up to 1 mg. This gives a relative error of 4-U.5 mg, 
or 0.05%. If less than 20 ml of the titrating solution are used for 
titration, less accuracy is needed in taking a weighed portion. 

On the other hand, the weighing of a starting substance for esta- 
blishing the titre must be performed with an accuracy of up to unity 
in the fourth decimal, since in this case a portion weighing only about 
0.2 g is taken and about 40 ml of the titrating solution are used for 
titration. 

If one wishes to increase the accuracy of the volumetric-analytical 
methods, one must use gravimetric burettes instead of ordinary ones,** 
which completely precludes errors due to inaccurate measurement, 
remaining residue and a difference in temperature. The weighing 
of a sample now becomes a less accurate operation, and it should bo 
nertormed with a relative error which is determined by the accuracy 
required in the final result (+0.01% and less). 

The foregoing should not lead to the conclusion that the weighed 
portion can always be taken with an accuracy of +1 mg or less. On the 
contrary, there are some analytical operations when the entire accuracy 
of an analytical balance must be used, and when even the accuracy 
of a microbalance is not high enough. Here are two exanoles. 

4. Red electrolytic copper must contain 99.95% of Cu. The analy- 
tical determination of Cu in this case is made by electrolysis. What 
accuracy must the weighing be made with? 

The error in the final result, expressed in per cent, must not be 
more than +0.004%. It is apparently necessary to have no lesser 
accuracy in weighing a test of red copper as in weighing a platinum 
electrode before and after Cu is deposited on it. If one gram of a test 
is taken for an analysis, then, with the maximum accuracy of the 
weighing on an analytical balance being +0.2 mg, the relative error 
will be +0.02%, which is far more than is permissible. Therefore, 
in the given case, it is necessary to use a balance that is more accurate 
than the ordinary analytical one, or (as is usually done) to take not 
less than 5 g of the substance being analysed. 

5. Suppose that for determining Zn in a copper-zinc alloy contain- 
ing about 20% of Zn, a portion weighing 0.02 g is taken, whether 
owing to the small amount of shavings which an analyst has or with 
due regard to some advantages in the techniques of working with 
small amounts of a substance. The analysis is concluded by weighing 


* See I. M. Koltgof and E. B. Sendel, Kolichestvennyi analiz (Quantitative 
Analysis), Moscow, 1948, p. 459. 

** See, for instance, I. M. Koltgof and E. B. Sendel, Kolichéstvennyi analiz 
(Quantitative Analysis), Moscow, 1948, p. 561; I. M. Koltgof and V. A. Sten- 
ger, Ob’emnyi analiz (Volumetric Analysis), Vol. II, Moscow, 1952, p. 25. 
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the precipitate in the form of Zn,P,07. What accuracy must the 
welating be made with? 

Tho result of the analysis must be expressed with an accuracy 
of up to a hundredth part of a per cent (for instance, 19.84%), i.e., 
with a permissible error of +0.01% of the absolute errors; since 
the Zn content is 20%, this will come to +0.05% of the relative 
errors. The same accuracy must be obtained when weighing the portion 
of shavings and the calcined precipitate Zn,P,07. When a portion 
weighs 20 mg, the value +0.05% comes to +0.01 mg; the same per- 
centage of the mass of the calcined precipilate (~8 mg) is still less, 
being about -+0.004 mg. A microchemical balance gives an error 
of about +0.01 mg. It follows that, in the given case, the weighing 
performed even with a microchemical balance does not ensure the 
required accuracy. 
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Atomic Weights of the Elements 


The atomic weights of various elements are detormined with 
different accuracy which is expressed by a different number of figures 
after the decimal point. When the number expressing atomic weight 
ends with one or several zeroes, the latter are significant digits showing 
the accuracy with which the atomic weight of the corresponding ele- 
ment is determined (see rule 1, p. !1). 

The results of chemical analyses must not be expressed with a preci- 
sion greater than that of the atomic weight. This limitation must 
be especially reckoned with when determining some platinum and 
rare-earth elements, and also rhenium. 

The table contains relative atomic weights published by the Com- 
mission on Atomic Weights of the International Union of Pure and 
Applied Chemistry (IUPAC) in 1965. 7 

The Commission adopted a resolution whereby the old “oxygen 
chemical unit” of atomic weights (1/16 of the average atomic weight 
of the natural isotopic mixture of oxygen atoms) is replaced by the 
“carbon physical unit” (1/12 of the atomic mass of the carbon iso- 
tope 41°C). . 

For ali the elements, besides those given below, the number expres- 
sing the atomic weight is given with an error not exceeding +0.5 in 
the last digit after the decimal point. The deviations of the atomic 
weight values for the given six elements are as follows: boron 
+0.003; hydrogen 0.00001; oxygen 0.0001; silicon 0.001; 
sulphur -£0.003; carbon -+0.00005. These deviations are due to 
Variations in the natural isotopic composition of the elements. 

Owing to the experimental inaccuracies in the determination of the 
atomic weights of the six elements listed below, their values deviate 
within the following limits: bromine +0.001; iron +0.003;, copper 
+-0.001; silver 0.001; chlorine -+0.001; chromium +0.001. 

The atomic weights of radioactive elements are given only for 
thorium and uranium; for other radioactive elements, the mass number 
of the isotope with the longest half-life is given in square brackets. 


Atomic Atomic 
Element Symbol | number weight, a log a 


Actini [227] 

Silver po 107 .868 
Aluminium 26.9815 
Americium [243] 

Argon 18 39.948 60 150 


Arsenic : 87 461 
Astatine 32 222 
Gold : 29 440 
Boron 03 387 
Barium 13 780 
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Table 1 (continued) 


Element Symbol | fumber | weights a | lok 
Beryllium Be 4 9.0122 95 483 
Bismuth Bi 83 208 .98U 32 010 
Berkelium Bk 97 [247] 39 620 
Bromine Br 35 79 904 90 257 
Carbon C 6 42.01115 | 07 958 
Calcium Ca 20 40.08 60 293 
Cadmium Cd 48 112.40 05 077 
Cerium Ce 58 140.12 14 650 
Californium Cf 98 [252] 41 040 
Chlorine Cl 17 35.453 54 965 
Curium Cm 96 {247] 39 270 
Cohalt Co 27 58.9332 77 036 
Chromium Cr 24 51.996 71 597 
Caesium Cs 55 132.905 12 354 
Copper Cu 29 63.546 80 309 
Dysprosium Dy 66 162.50 21 085 

rbium Er 68 167.26 22 340 
Einsteinium Es 99 [254] 40 483 
Europium Eu 63 151.96 18 173 
Fluorine F 9 18.9984 27 872 
Iron Fe 26 55.847 74 700 
Fermium Fm 400 (257] 40 993 
Francium Fr 87 [223] 34 830 
Gallium Ga 31 69.72 84 336 
Gadolinium Gd 64 157.25 19 659 
Germanium Ge 32 72.59 86 088 
Hydrogen H 1 1.00797 | 00 345 
Helium He 2 4.0026 60 235 
Hafnium Hf 72 178.49 25 162 
Mercury Hg 80 200.59 30 234 
Holmium Ho 67 164.930 21 730 
Iodine I 53 126 .9044 10 348 
Indium In 49 114.82 06 002 
Iridium Ir 77 192.2 28 375 
Potassium K 49 39.102 59 220 
Krypton Kr 36 83.80 92 324 
Kurchatovium Ku 104 [264] 42, 160 
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Table 1 (continued) 


Atomic 


Hlement Symbol | number 


Atomic 
weight, a log a 


Antimony 
Scandium 


ao 
&1 00 
two 
“Tee 


oN 


44.956 


Lanthanum La 57 138.91 14 273 
Lithium Li 3 6.939 84 130 
Lawrencium Lr 103 [256] 40 824 
Lutetium Lu 71 174.97 24 297 
Mendelevium Md 101 1257] 40 993 
Magnesium My 12 24.305 38 570 
Manganese Mn 25 54.9380 73 987 
Molybdenum Mo 42 95.94 98 200 
Nitrogen N 7 14.0067 14 634 
ee ga es ee Se 
Sodium Na i! 22.9898 | 36 154 
Niobium Nb 41 92.906 96 804 
Neodymium Xd 60 144.24 15 909 
Neon Ne 10 20.179 30 490 
Nickel Ni 28 58.74 76 871 
Nobelium No 102 [255] 40 654 
Neptunium Np 93 [237] 37 475 
Oxyesn 0 8 15.9994 | 20 410 
Osmium Os 76 190.2 27 921 
Phosphorus P 15 30.9738 | 49099 
ek ed 
Protactini Pa 91 [234] 36 361 
toa Pb g2 | 207.19 31 637 
Palladium Pd 46 106.4 02 694 
Promethium Pm 61 [145] 416 137 
Polonium Po 84 [210} 32 222 
RG Ss a lS ee 
Praseodymium Pr 59 140.907 14 893 
Platinum Pt 78 195.09 29 024 
Plutonium Pu 94 [244] 38 739 
Radium Ra 88 [226] 35 441 
Rubidium Rb 37 85.47 93 181 
Khenium | Re 75 186.2 26 998 
Rhodium Rh 45 102.905 01 244 
Radon Rn 86 [222] 34 635 
Ruthenium Ru 44 101.07 00 462 
Sulphur 50 602 


Sb | 54 ere | 


ge 
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Table 1 (continued) 


Element Symbol aS ween a log a 
Selenium Se 34 78.96 89 744 
Silicon Si 14 28 .086 44 849 
Samarium Sm 62 150.35 147 711 
Tin Sn 50 118.69 07 444 
Strontium Sr 38 87 .62 94 260 
Tantalum Ta 73 180.948 25 755 
Terbium Tb 65 158.924 20 119 
Technetium Te 43 {99] 99 564 
Tellurium Te 52 127.60 10 585 
Thorium Th 90 232 .038 36 556 
Titanium Ti 22 47.90 68 034 
Thallium Tl 81 204.37 31 042 
Thulium Tm 69 168 .934 22 772 
Uranium U 92 238 .03 37 663 
Vanadium Vv 23 50.942 70 708 
Tungsten W 74 183.85 26 446 
Xenon Xe 54 131.30 41 826 
Yttrium Y 39 88.905 94 893 
Ytterbium Yb 70 173.04 23 815 
Zinc Zn 30 65.37 81 538 
Zirconium Zr 40 91.22 96 009 


Table 2 


Radioactive Elements 


Ato- | Mass number 


Klement sya ae aie Half-life*® Decay mode 
her isotope 
Actinium Ac 89 227 22 y a, B- 
Americium Am 95 243 17.8 xX 103 yy} @ 
Astatine At 85 210 8.3 h a, Electron 
capture 
Berkelium Bk 97 247 14x10 yla 
Californium cf 98 252 360 y a 
Curium Cm 96 247 1.6 x 107’ yla 
Einsteinium Es 99 254 2.7x 10° dja 
Fermium Fm | 100 257 3d Electron 
capture, 
a 
Francium Fr 87 223 22min | a, B- 
Lawrencium Lr | 103 256 8s a 
Mendelevium | Md | 101 257 1.5h Electron 
capture 
Neptunium Np | 93 237 2.4x 10° y| a 
Nobelium No | 102 255 ~8s a 
Plutonium Pu 94 244 3.8 x 10° y] a 
Polonium Po 84 210 138.4 d a 
Promethium Pm | 61 145 18 y p- 
Protactinium | Pa 91 234 3.2x 104 yla 
Radium Ra 88 226 1,622 y a 
Radon Rn 86 222 3.83 d a 
Technetium Te 43 99 2.1 x 108 y| B- 
Thorium Th 90 232 1.4 x 100 yj a 
Uranium U 92 238 4.5 x 108° yl a 


*s, second; min, minute; h, hour; d, day; y, year. 
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Table 3 


Ion Radii 


The values of ion radii are given in angstroms (A) with a coordina- 
tion number of 6. When the coordination number is 4, the correction 
comes to —6%, with the coordination number of 8, it is +3%, and 
with the coordination number of 12, it comes to +12%. 


Size of radius, A, according to 


Ionic 
Substance charge Belov and other 


Goldschmidt | Pauling Boky sources 


=a ee 
B as 
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Table 3 (continued) 


Size of radius, A, according to 


Substa Ionic 
poset charee, Goldschmidt | Pauling aa oer 
+3 _ pas 0.64 0.62 
+2 0.83 — 0.83 = 
Croz| —2 = — — 3.00 
s ahd 1.65 1.69 ; 85 ae 
Cc 7 0.70 — : : 0. 
: ne, ae 0.96 0.98 0.95 
fe 1.07 = 0. ‘94 
Ee aS 1.04 _ oes 0.87 
sa ae oe = = 1.09; 1.24 
F +7 — 0.07 0.07 aa 
aa 1.33 4.36 4.33 rae 
S 12 0:83 0.75 0.80 0.75 
Ga +3 0.62 0.62 0.62 = 
Gd 43 1.14 eee 0.94 0.94 
4 : : _ 
ee Be: ies ba 0.65 | 0.98; 0.73 
27 8 508 1.36 = 
= 54 2. ; =e 
it Ts es se 0.82 0.86 
H 42 4.12 4.10 1.12 1.05 
Ho 3 4.05 =e 0.86 0.89 
I es 0.50 0.50 a 
+5 0.94 — — 0.98 
a | _ — _ 1.30 
—j 2.20 2.16 2.20 2.19 
In +3 0.92 0.81 oe = 
Ir i: 0.66 0.64 0.65 0.75; 0.68 
$3 = = = 0.89 
K +4 4.33 1.33 41.33 es 
La +4 os = 0.90 = 
43 4.22 4.15 4.04 = 
Li +4 0.78 0.60 0.68 is 
Lu +3 0.99 ae 0.80 0.84 
Mg 9 0.78 0.65 0.74 pas 
Mn “7 kaa 0.46 0.46 = 
+4 0.52 0.50 0.52 = 
+3 0.70 we 0.70 0.67 
see 0.94 0.80 0.91 = 
Mo +6 -- 0.62 0.65 ze 
-|-4 0.68 0.66 0.68 aan 
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Table 3 (continued) 


Size of radius, A, according to 


Substance| onic 
charge | Gotdschmidt | Pauling | Bejoy, and me 
Mo02-| —2 = as se 3.45 
N +5 0.15 0.11 0.15 0.13 
-}-3 _ — ae 0.16 
= = 1.74 1.48 4.30 
NHZ {| +1 1.43 = = 4.59 
_NO3 ne oe. = = 4.89; 2.57 
Na +1 0.98 0.95 0.98 = 
Nb +5 0.69 0.70 0.66 = 
+4 0.69 0.67 0.67 0.74 
Nd +3 4.15 _ 0.99 0.99 
Ni +3 0.35 = a = 
19 0.78 0.69 0.74 0.68; 0.79 
Np +6 ie = = 0.82 
+5 a a = 0.88 
+4 = ee 0.88 0.92 
+3 = = 4.02 1.04 
e) +6 — 0.09 0.09 = 
=9 4.32 1.40 4.36 4.45 
OH- = a = as 4.53; 1.33 
OHt a4 a = = 1.35 
Os +4 0.67 0.65 0.65 0.75 
+3 = a = 0.84 
+2 a = = 0.89 
P +5 0.35 0.34 0.35 os 
43 a oe ae 0.44 
_3 as 2.42 1.86 pe 
PO3 —3 = = ae 3.00 
Pa 4 Ee = 0.94 0.96 
43 oe a 4.06 4.05 
Pb +4 0.84 0.84 0.76 me 
+2 4.32 1.24 1.26 4.47 
Pd +4 a = 0.64 0.73; 0.65 
+2 = _ — 0.72; 0.88 
Pm +3 — ae 0.98 0.98 
Pr +4 4.00 0.92 be 0.92 
+3 4.46 es 1.00 4.00 
Pt +4 me ee 0.64 0.76 
+2 ae = at 0.90; 0.87 
+6 mel = = 0.84 
+5 = ean a 0.87 
Pu +4 a = 0.86 0.90 
+3 — _ 1.02 1.00 
Ra +42 4.52 ae 1.44 =e 
1.49 1.48 4.49 = 
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Table 3 (continued) 


Size of radius, A, according to 


Ionic 
Substance | charge Pelee and other 


Goldschmidt | Pauling oky sources 
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Table 3 (cuntinucd) 


Size of radius, A, according to 


Substance eli B 
snares Goldschmidt | Pauling cBeRe Atel 
U +6 — — — 0.83 
+5 — — 0.87 
+4 1.05 0.97 0.95 00.93; 0.89 
ae = = 1.04 1.03 
V +5 0.4 0.59 — 0.59 
+4 0.64 0.59 0.61 0.64 
+3 0.65 _— 0.67 = 
eo 0.72 = 0.72 = 
W +6 = = 0.65 a2 
+4 0.68 0.66 0.68 = 
Y +3 1.06 0.93 0.97 — 
Yb 43 1.00 = 0.81 0.85 
Zn 49 0.83 0.74 0.83 0.70 
Zr 44 0.87 0.80 0.82 ee 
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Table 4 


Ionization Potentials of Atoms and Ions 


The ionization potential is the minimum voltage of the electric 
field needed for tearing away one electron from an atom or ion. 

The table gives the potentials of the ionization of atoms and ions, 
i.e., the potentials required for ecperaeing one electron from a neutral 
ineroited atom (X — e + X+) and the potentials required for tearing 
away one electron from a single-charge (positive) unexcited ion 
(X+ — e — X3+), from a two-charge unexcited ion (X?+ — e + X%*) 
and so forth. : 

Insufficiently reliable data are given in parentheses. 


Element 


X—e- Xt 
X+—e + X2+ 
X2+t—e + X3+ 
XI+—e + X4At 
X4t—e > X5+ 
X5h+—e — X6+ 


Ac 6.89 | 14.5 = = = 
A : 6.40 | (52) (70) (89) 
AT ae eS 98.44 | 119.96 | 153.8 4190.4 
Ar 45.76 | 27.62 | 40.90 59.79 | 75.0 91.3 
As 9:81 | 18.7 28.3 50.4 62.9 127.5 
Au 9.22 | 20.5 30.5 ( ( (73) 
8°30 | 25.45 | 37.92 | 259.30 | 340.13 = 
a 5.81 | 10.0 37 : (aa), (62) (80) 
e 18.21 | 153. aa = 
Bi ; 33 49.3 25.6 45.3 56.0 94.4 
Br 41.84 | 24.6 35.9 47.3 59.7 88.6 
Cc i106 | 24:38 | 47.86 | 64.48 | 392.0 | 489.8 
Ca 641 | 11.87 | 51.24 | 67.3 84 409 
Cd 8.99 | 16.90 | 44.5 | (55) | (73) (94) 
Ce 6.91 | 12.3 19.5 36.” | (70) (85) 
Cl 13/01 | 23.80 | 39.9 53.3 67.8 96.6 
Co 33.5 | (53) (82) (109) 
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Table 4 (continued) 


+ S x + 3 

+ mM “ Le pe “ 
Element 3 t i t ‘ t 

© , | | : | 

2 4 4 : = 

- “ > “ - oa 
Hf 5.5 14.9 (21) (31) 2 
Hg 101.43 18.75 34.2 (46) (GL) (77) 
I 10.44 19.0 33 (42) ral 83 
In 5.79 18.86 28.0 58 (77) (98) 
K 4.34 31.8 45.9 G1.4 22.6 y9 
Kr 14.00 24.56 36.9 52.5 64.7 78.5 
La 5.64 411.43 19.47 | (52) (66) (80) 
Li 5.39 75.62 | 122.4 an = os 
Lu 6.15 14.7 (19) a = 
Mg 7.64 15.03 | 78.2 109.3 141.2 186.8 
Mn 7.43 15.64 33.69 | (53) (76) 100 
Mo 7.43 15.72 29.6 46.4 61.2 67 
N 14.54 29.60 47 43 77.45 97.86 | 552 
Na 5.14 47.29 71.65 98.88 | 138.6 172.4 
Nb 6.88 43.90 | 28.4 38.3 110, 
Nd 6.34 ws = ae cs = 
Ne 21.56 41.07 63.5 97.2 126.4 157.9 
Ni 7.63 18.15 36 16 56 79 113 
O 13.64 35.15 54.93 77.39 | 113.9 138.1 
Os 8.7 47 25 40 54 68 
P 10.55 19.65 30.16 51.35 | 65.01 | 220.4 
Pb 7.42 15.03 31.93 39.0 69.7 84 
Pd 8.33 19.42 | (33) (49) (66) (90) 
Po 8.2 19.4 27.3 (38) (61) (73) 
Pr 5.76 = a = = ae 
Pt 8.96 18.54 | (29) (41) (55) (75) 
Ra 5.28 10.44 | (34) (46) (59) (76) 
Rb 4.18 27.56 40 52. 1 84.4 
Re _ 7.87 16.6 (26) (38) (51) (65) 
Rh 7.46 15.92 32.8 (46) (67) (85) 
Rn 40.75 21.4 29.4 (44) (55) (67) 
Ru 7.36 16.60 30.3 (47) (63) (81) 
S 10.36 23.4 34.8 47.3 72.5 88.0 
Sb 8.64 16.7 24.8 44.4 63.8 419 
Sc 6.56 12.89 24.75 73.9 91.8 141 
Se 9.75 21.5 32.0 42.9 68.3 82.4 
Si 8.15 16.34 33.46 45.4 166.7 205.4 
Sm 5.6 11.2 ee i ae ize 
Sn 7.33 14.6 30.7 AG.4 91 (403) 
Sr 5.69 41.03 43.6 57.4 71.6 
Ta 7:7 16.2 (22 (33) (45) : 


a 
= 

| 

i 

I 


29 


Table 4 (continued) 


Element 
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Table 6 


Atomic Weights, Molecular Weights*, Weights of 
Atomic Groups, and Their Logarithms 


In compiling this table, all additions of atomic weights have been 
made in conformity with rules 2 and 3 (p. 11), the needless decimals 
having been discarded. 

The atomic weights of all elements (apart from the 12 elements 
given below) are expressed in numbers in which errors are within the 
limits of -£0.5 in the last figure. 

When a fractional part of an atomic weight is being found, the 
error in its magnitude apparently passes over to the next decimal, 
which now becomes the first of dubious figures. The total number of 
figures after the decimal point thus increases by unity. If, for instance, 
the atomic weight of titanium (Ti) is 47.90, then one-half of this 
rites weight (1/2 Ti) will be not 23.95, but 23.950; Sn = 118.69, 

Sn = 59.345. 

When a multiple of an atomic weight is being found, the error 
increases. If, for instance, it is necessary to increase the atomic weight 
10 times, its value must be rounded off by reducing the number of 

gures after the decimal point by one figure. For example, the atomic 
race of nitrogen (N) is 14.0067; while 10 N is not 140.067, but 

.07. 


The iplication of the atomic weight of iron only by 2 gives 
an feign ths limits of +0.006 and, consequently, an at can 

@ made in the preceding figure; therefore, if Fe = 55.847, then 2 Fe 
will be not 111.694, but 111.69. When dividing the atomic wei ht 
of iron by 3, we have the maximum error within the limits of +0.0004 
and, consequently, the number of figures after the decimal point will 


not increase: 1/3 Fe = ee considerations also when adding the 


| Weight, a | 


Formula 
pene g sk oP Tek ot Te oe 107 .868 03 289 
be sid th aah eee Poa We 215.736 33 392 
Be fe oe Mee Be ante ei 323 .604 51 004 
ean a ae ane: Oe We Ms 446 .524 64 984 
Doe a rey ae 8 462 523 66 513 
187.772 27 363 


Cr 


* The molecular weights of solvents and organic reagents not included in 
Unis table are given in tables 44 and 49, respectively. 
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Formula 


AgC,H,NS, 
ra aaa 


AgsPo(CN) 
Ag,Fe 
Agl 


Al (CzH,0,), 
(acetate 

Al(CgHgON)g 
(hydroxyquinolate) 


A2H,O 
a)3°12H,O 


Table 6 (continued) 


Weight, a log a 


166.913 22 249 
274.14 43 792 


133 .886 
275.741 
143.324 
331.730 
431.730 
126 .866 
535.56 

643 .43 

234.772 
153.874 


43 106 
95 394 
73 210 
90 819 
03 313 
13 003 
20 922 
42 604 
204.117 30 988 


459 444 66 223 


133.344 12 496 
244 433 38 280 
83.9767 92 416 
440.9749 14.913 
See KAl(SO4)-42H 
9iSeeNHAL SO), 121 3,0 
375.134 7 a9 
101.9612 00 843 
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Table 6 (continued) 


Formula Weight, a log a 
We NiO. og fsb Me Bh yur ace 16.9935 23 028 
MUO oe po ne 78.0036 89 211 
Reese ee a ae 63 422 
Al,(SO4)3 -1811,0 Ce 666 .42 82 375 
Nee Oe ity eas Aen Lee 74.9246 87 461 
3 DR eft Se fae vote 37 .46080 57 358 
Mg AR emcee tg er iia tas ot ae i 24 .97387 39 748 
NAS! er ane ued odes ees 14 98432 47 504 
DRS reyes ONS eke eos 149 8432 17 564 
ASBIg «foe kg 6cr ai de a es ag 314.634 - Aa 
y (0) Pm ne aren mae rar gear 184.284 rte 
AEGIS ho ce elaine ue ale 252.187 ee 
AUS g i deh fe tee tec phetg be ht oa simu 77 9455 ees 
ASQ ide. Cn Gh ae, aie ena ht ak rae yrs 
SOg 2 2 te bee be he sas 138. 
Wee 6s chp tog. s 197.8414 29 632 
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Table 6 (continued) 
Formula Weight, a log a 


250.52 39 884 
06 882 
83 127 


13 780 
83 677 


BaCO, : 
Ba(C,H,O, )-H,0 273.45 
(acetate) 
225 .36 


208.25 
244.28 
322.26 
236.79 
290.84 
253.33 
175 .34 
261.35 
153.34 


(OH)2 
Ba(OH),-8H,0 
1/,Ba(OH).-8H,0 
BaSO, 


95 483 
65 380 
25 586 


Formula 


BiC,H50, 
(pyrogaitate) 
Bi(C,HgON )5 
a (ratssaauthis 
Bi(CoHg ON);: 
Ke 
Bi(C,.H,)ONS)3*H,0 
(aidnaley 


Bilnicay, ON) 

e hyroxyduipoline) 
i 

outta ‘ 


| Weight, a 


69.0216 


208.980 
69.6600 
417 .960 
332.069 


641 .443 
659.458 
875.85 


315.339 
609.47 

589 .693 
716.598 
862.768 


860.796 


394.995 
485 .071 
465 .958 
518 .976 
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Table 6 (continued) 


Formula 


ee eo ea Oe tes tb SY ag fa ea ak 
a 
as a i aN, ee a So Oe Ta 
aS a Se ee ew et re RO a a 
a ee a ce or oa? ae ee eS 
BEN A Te ew ta a fe ce ee Se, ove, 


a a a a Se ay SO a 
Ce i ee Oe a Oe a Se Sy 
Ce ie a eS ee, Sa Sn a a Sa S| 
CT 
Cr 
Cr i 
Cy 
Cr a 
SY 
LS ee ee SO Se eC 
rr 
Cd 
a 
eee ee ee 
re 
ry 
a ry 
i 
CY 
ry 
Cy 
Cr 
Ce ce ee a a, a a 


2g br 


Cr 


Table G (continued) 


Weight, a 


79.904 
159.808 
239.712 
319.616 
399.52 
479 42 

95.903 
127 .902 

21.3170 


12.01415 
24 0223 
36.0335 
48 .0446 
60.0558 
72.0669 
84.0781 
96 .0892 
153.823 
14.0271 
28 .0542 
42.0813 
56.1084 
70.1355 
84.1625 
15.0351 
30.0701 
45.1052 
60.1402 
75.1753 
90.2104 
16.0430 
26 .0382 
29 .0622 
58.1243 
87.1865 
77 1068 
154.2135 
231 .3203 
126 .1593 
127.1673 
128.1753 


94 939 


| log a 


90 257 
20 360 
37 969 


es 


07 958 
38 061 
55 674 
68 164 
77 855 
85 774 
92 468 
98 267 
18 702 
14 697 
44 800 
62 409 
74 903 
84 594 
92 512 
17 7A 
47 814 
65 423 
77 916 
87 608 
95 526 
20 529 
41 561 
46 333 
76 436 
94 045 
88 709 
18 812 
36 421 
10 092 
10 437 
10 780 


97 744 


Formula 


Co we eS 
(tartrate-ion) 
ottg 
(phenol) 
7H, 2 
(anthranilate-ion) 


eo oe es 


ptigUIN . 2 2 es 
Bon een 
pins 
(hydroxyquinoline) 
CN... 


s 6 8 ee ee 


6CN .... 
CNO see OCN 
CNS see SCN 
co 


rr 


ee eee 


rr 

re 
Cr 
ee ee 


ee 8 8 ew 8 
Pee ee 
en ee 


PR ee ee 
ey Cee, ae ee 


ie erp te ep 
ee 
oe oe we 

ee eee 


rs 


| Weight, a 


119.378 


60.0995 
79.1023 


158.2046 
312.3773 


412.836 
375 .3902 
30.0265 
31.0345 
62.0689 
32.0424 
43 .0456 
46.0695 
148.0729 


94.1141 
136.1314 
144.1543 
145.1622 


26.0179 
52.0357 
78 .0536 
104.0714 
130.0893 
156.1071 


28.0106 
60.0558 
44.0100 
22.0050 
88.199 
132.0299 


37 
Tuble 6 (continued) 


log a 


07 692 
70 319 
53 191 
15 210 
62 367 
92 470 
77 887 


89 819 


19 922 
49 468 


61 578 


17 048 
97 365 
13 396 
15 883 
16 185 


44 527 
74 630 
89 239 
01 733 
11 424 
19 342 


44 732 
TT 855 
64 355 
34 252 
94 458 
12 067 
77 822 
47 749 


its) 


Table 6 (continued) 


Formula | Weight, a | log a 
DCO S ssp syite eae 2h ash | 120.0187 07 986 
SEO eth ih acne, Sec at 180.0281 25 534 
CaO ies, ce Bede te ones 88.0199 94 458 
COGH binis var 2 Oe ett ae ol Bt ba 45.0179 65 339 
Oe bs ‘osu Mar ON ibe Sendo egies 76.139 88 161 
CSN os Sak de es oe osha 76.120 88 150 
Be Se bE Se es Gate ee es os 
COA tue acs ood Shean 40.08 60 293 
BBO oe eet tco, fo ae hee 20.040 30 190 
UGG? 2590" 25, See a en ae, te ok cca ta 80.16 90 396 
SO 28 i ee dar oe tee eee 120.24 08 005 
COB iets as, he bed been 199.89 30 079 
ee Ses tote Es Mled ce 307 .98 48 852 
BG ney seh oe eh ee 64.10 30 686 
Ca(CHO,), 2) 1 130.12 11 434 
(formate) 
Ca(C,H,0.), .......... 158.17 19 912 
(acetate) 
a(CsHyOs)p . 2 ee el. 218.22 33 889 
(lactate 
Ca(C3H,05)o°5U,0 .. 2... 308 .30 48 897 
Cas(CpH,0;). .....2.2.202.~. 498 .45 69 762 
(citrate : 
Ca3(CgH,O,).-4H,O ..... 570.51 75 626 
Ca(CyoH,N,O,)o-8H,O .. . . 710.58 85 161 
(picrolonate) 
CaGNng eo <-x.6 Bo Yd Sede 80.10 90 363 
(cyanamide) 
Beh di we Sees, ta GG 100.09 00 039 
WU CaCOy ee & Eek 50.045 69 936 
CaCI g- Moca os as Suk eve eid. 128.10 10 755 
VECACIO%. 6 esc eh ee 64.050 80 652 
CaCO psHs0 8 ey ew etc 146.12 16 4714 
CACly tac. gad ee A oe 110.99 04 528 
CaGly-GHyO os kg ae ty 219.08 34 060 
CHCl) er fee 2 a 8 dk 142.98 15 528 
Ca(ClO),-4H,O........., 215.05 33 254 
BOOT Aree 508 wk ee as 156.07 19 332 
CaCrO,-2H,O ......... 192.10 28 353 
Bp en eg ee ini, Bd aoe 78.08 89 254 
Ca,Fe(CN),-12H,O ....... 508 .30 70 612 
oe ace Sete apnea ne ee 42,40 62 428 
Ca(HCO,),......---.4. 162.14 20 984 
TH sCa(HCOg)g i 662 ou 4 es 814.057 90 879 
13 373 


CaH#PO, .......-..4. 136.06 


39 


Table 6 (continued) 


Formula 


Sa) 
Cc {merca 
ot (C,H,O N) 
calenean 

(hydroe ) 


a 
xyquinolate) 


AQ) 


Table 6 (continued) 


Formula Weight, a 
Cd(CoH,ON),-2H,O 2... 2... 436.74 
Cd (Cio OBN) gp ohh x Sed 456 .73 

(quinaldinz ate) 
Cd(CN)p. 2 164.44 
CdCOQ;.... . a hee os 172.41 
CdCl s.. wes de koe 8 : er 183.31 
CdCl,-H,0 . . . . oo a8 201.32 
CdCl,-2.5H,O ... nt Be we 8 228 .34 
Cdlig(SCN), ote, fy as hd tn! te As ye 545 .32 
Wye ees Ree se ee ee ead 366.24 
cANH, aPOgHeO 2 coe a ee es 243.43 
Cd(NOg)p - 7. ee ee 236.40 
Ga (NO) 4H,0 2. ....22-- 308 .47 
SF Soa tae aS ay wim. Hae ao acae 38 128.40 
Ca(OH: bai tae Settee Ged 146.44 
Cd,P.0, rl et ee. Re aad Cae Se se 398.74 
nas in tte ng ote eget nie, ome 144.46 
gies oe Sy aap be rs bah Tek 208.46 
Gago. BGO. ieee. 22 Me Se Sy Le 256.50 
. 8 © ete © | | 
COs ck ee Mas eet ae St als 140.12 
ACs 3, air da sts stare hnae: 35.030 
UWE Br. bye ns ate wa Pal oa 46.707 
280.24 


2Ce 
Ce(CaHaaNe de (SO4)s- 7THLO. 1... 774.70 


tery lene diammoni um) 


CA(CHHGON)s ww 572.58 
a 
lone Be Sg Marin fen 544 30 
GatCO OHO. bans 44 
Cee, i ieee a aria 246.48 
Geb E IO. 2) have cashes 37259 
Ce(NH,).(NOss 0 me 548 .23 
Co(NH),(NOg)y 20 0... 584.26 
Ce(NH,),($04),:2H,0 .. 632.55 


ak 0 ae hE te fia) GP Paint 326 13 


a 


A4 


Table 6 (continued) 


Formula | Weight, log a 

CONSO WN sb 58 eedtee hee Bos 568.42 75 467 
Ce,(SO4)5° 6Ha0 at oe a 712.55 85 282 

Dsante athe auch Siti ast ta estas Pus tector: Cae En Meas what ats 

Ci 2508 Glee Res 35.453 54 965 
BO ee GM a: Bw? OS 70.906 85 068 

BCI cease ere x oar 106 .359 02 677 

BCU) Sr he ets oes 141.812 15174 

ETS inlaws Myer ait ot haw ahi hat 177.27 24 864 

BEDS 3, eA as oe nes 212.72 32 781 
Gigs et Ae, aod be 51.452 74 140 
ClO, fo ogo ee Be ee 67.452 82 899 
NOS oi coca hash Doped eae S $3454 92 143 
ClO ep be Sgr oe erg 99.451 99 764 


CoBr,g . 2... ee tt 
CoBr, GH,O 2... ee ee 
Co(CyHl,0)s HOe ty boas hate 2 


oosiCatiO, )a° -4H,O aot et Sat cele ery-cee a 
cit 
Co(C,H,O.N)y 2. 2 ee es 
canthrani ilate) 
Co(C. HON) SEO. iia abe is 
(hydroxyqu nolate) 
Co(CyoF,OgN )g-2H1,0 6 wee 
a- COS Bnaphtholate) 
OC, 4° 2 6 ew ete et 


Collg(SCN) he ke sg. 
Co(NOs)y 6 es 


326 .833 
249 .085 


491.514 

627 .066 
331.196 
383 .272 
611.458 


182.984 
129.839 
237 .934 
174.927 
491.85 
182 943 
291.035 
74 9326 
165.8646 
240.797 


39 635 
69 153 
79 734 
52 009 
98 351 
78 637 


26 241 
41 341 
37 645 
24 286 
69 183 
6 232 
46 395 
87 467 
19 
38 165 


A2 


Table 6 (continued) 


Formula Weight, a 


291.810 
90.997 
154.995 
281 .102 


See KCr(S0,)s- 12H,0 
238.014 37 660 
400.149 60 222 

67.995 83 248 

99 .994 99 997 
115.994 06 444 

38.6647 58 734 
154.990 18 182 

75.995 88 079 


4) 
Grteot. 18H,,0 


149.912 


Table 6 (continued) 


Formula | Weight, a log a 
CS.PiCle s. © 214 (aie » @ wiser 673.62 82 842 
Cs5SOy see Sele ce eh gh 361 .872 55 856 


Mh Suge cat te oR ek es SE Ee | prec ies vee te a eg TS Vo gt cet er ee ce 


Bee ea a ee St ie neck, eh ea Seg) a eres ee Te eae ee pa [pe eng Bt Mee eee 


GUN pe: the a rel iter Ok, Soak pe Wer 63.546 80 309 
Cited En ane  Serecaeded 31.7730 50 206 
DCist eke aod eae ere 127.092 10 412 
OG oo fon ek a ORS 190.638 28 021 

CUbi! 6c Aa: gs ae Ad 223.354 34 899 

Cu(CH02)s GO” ea © ae 199.651 30 027 
the aaclly 

cua. N)e(SCN)s ay dee Haan 337.94 52 880 
(p id? 

cu(GH, ON)e er ae eee: 335.809 52 609 

a a ilat 
Tc antntan |. 351.885 54 636 
(I nile 

CueyhGeNig tO... 425.891 62 930 
(quinaldi ate) 

Cu(CagHygONS)s- -H,0 514.13 71 107 
NCH OLN Li.box g-e0aseed 288.796 46 059 
(cCupron) 

CUGN: Go “yale Bikes ee 89.564 95 243 

Cuts Seg ot Ne oe Ge 98.999 99 563 

UCase nia So aie arate 134.452 42 857 

CuCl; OHO: avife- sg: Bye. ee 170.483 23 168 

CuHg(SCN), .. ee 496.46 69 588 

CAT i er has, Mey ak Se SS ge ee os 490.450 27 978 

Cu(NO, mins dnc tutor ten eS 187 .556 27 313 

Cu(NO,), SHO. 6i4 ses Soe 241 .602 38 310 

Cu(NOs)a: GHLO?. ps es Bye 295 .648 47 077 

79 545 90 064 


4A 


Table 6 (continued) 


Formula | Weight, a log a 
BS ops Stas Cat cn ete atte oc 18.9984 27 872 
Bile 5 chro A ned cen. 4 37 9968 57 974 
BGS, i oe ee aes 56 9952 75 584 
We eo ek a alee: 75 9936 88 078 
Bey idee. Sask ee Dyes 94.9920 97 769 
GPa oe ad ae 113 9904 05 687 
Wats ce, Law hes eat eed Me BS, 55.847 74,700 
ae eee nee 18.616 26 989 
1 gee Oe ae teen 27.924 44 598 
Wah ae te ween Mneeee tae 11469 04 804 
Cy eee eee ee es 167.54 22 412 
BORE. alan 6 ach aoe 295 559 47 064 
FeBr,6H,O 1.1.0.0... 403.654 60 604 
REC ot & oust cate a 179.55 25 419 
FEGHON), 488 310 68 870 
nolate 
piiggrexvau! eC Seat 244.954 32 624 
Feco. Renin ee eee 115.856 06 392 
hee emer 126.75 10 295 
FeCl 10" an) aoe cobs 198.81 29 B44 
Tee eae Bement 162.24 21 008 
FeCl, OHO a 6 Saw eos 270.30 43 185 
Fe(HCOs)) - 2. le 177 881 25 0413 
FeNH,($0,)2-12H,0... 2... 482.19 68 322 
Fo(NHy)a(S0,)a° OHO 2 nae 392.14 59 344 
FONG, we 241-362 38 357 
SOTTO? ? cceugt oe & aN 
Fe(NO)- PENG ee ei ean a 74.846 85 640 
oO ta ae ae Buns 459.69 20 328 
Y8e0) Cie eee ik 26.615 42 513 
NGOs ko vewe kok 79.846 90 225 
Pee dik ea ie i 231.54 36 463 
FotOH),,.. 4s ob -ae 6 ep ans 106.869 02 885 
FoPO; coh a de aces 150.818 47 845 
es ala ae 87.94 94 404 
Boece ee el ow) att 419.98 07 944 
PeSOy Gi tk ices ke dos 451.94 18 159 
FeSO,-7H,0 ......-..0~. 27802 44 408 
Fe, (S04). Site Se Bee heey 399 88 60 193 


Cr Oe 


i i a ss i Oe 


Formula | Weight, a log a 
Gee 8 hts) SG eI ENA ta cer V8 69.72 84 336 
DGG: eh al Bo See ee 139.44 14 439 
Ga(C,H,ON), «2 we es 502.18 70 086 
,(aydroxyquinolate) 
Ga(CyIlyBrgON)g 2. 6 ee ee 975.55 98 925 
(bromohydroxyquinolate) 
DG e ee Seas aso epee ea ts, 176.08 24 571 
GagQseten le wok foaeed oy te ek ee = 187 .44 27 286 
bs cia Fan ee eg) Mes terns al (eee eee oe |e eee ere Ome 
Gee 25S eae a SS, eR 72.59 86 088 
2GGr 2 26 2x5 Od fn & Se ee ere 145.18 16 191 
COC eae als af eke S$ 214.40 33 122 
BOE 2 ia a Oe poe ae aS 104.59 01 949 
MBC ge oh ehh geen aan Bae eee 136.72 13 583 
ech Ap cw, Vath ub eh fae ee RO he woth Sa 8 Aas ee a 


We 5, Pe Ore eae ark eae 4.00797 00 345 
QI, S dé aes Eee |] 8 2.01594 30 448 
SEL. vs, Scrat Go ae ete ee 3.02391 48 057 
GHe Gi ecg Res. Bae Bs 4.03188 60 551 
BED: sec gak: le Sy Goede Ye 5.0399 70 242 
GE Seas aS oe Sty ae Ee 6.0478 78 160 
TELS oY eee SM Bae 7.0558 84 855 
SH. ox ak. sh BO Ae! Ae 8.0638 90 654 
HsAsO, . 2... es 141.9431 15 241 
HAuCl,-4H,0 2... 2.6 eee 411.848 61 474 
TBO. ake Se eee Soe Boe s 43.818 64 165 
HysBO 5.2 ecw eee ee 61.833 79 122 
FEIBR So ec. oo Gy wa see 80.912 90 801 
HIBrO: a: snes Bae ee bot 96.914 98 637 
HBrO,;......-.--++85 128.910 41 029 
HCHO, 3. 8 we 46 .0259 66 300 
(formic acid) 
TOgH.Og, th), 4 .dos8 ee Soe 60.0530 77 853 
(acetic) 
C5. Og «aie eBook Se Ge eS 90.0795 95 463 
(lactic) 
HC,H,0, .... 2.2.22 ees 149.081 17 342 
(hydrotartrate-ion) 
H,CyH,0, 2... 2 ee es 148.090 07 224 
(succinic) 
HaCqH40s wl Pvt ead as el 134.089 12 739 
(malic) 
H,C,H,O, ... 1... 22+ e 150.089 17 635 
(tartaric) 


4G 


Table 6 (continued) 


Formuta | Weight, « log a 
HyCglig0, 2 2 2. ls 192.126 28 358 
(citric) 
HjCgH,O,-H,O 2... 210.142 32 251 
HC SH OGG) gece 6-4 bel ca 173.192 23 853 
(sulphanilic) 
HC,H,O,NS-2H,0 ....... 209 .222 32 061 
PH Ose ot Ge oo ee 122.125 08 680 
(benzoic) 
CHO. 0 30 5 os it GBS Rad 138.124 14 027 
(Salicylic) 
dt ey tae Boat tan ke ets 437.139 13 716 
anthr 
gla TO Cdk, bet cies nerd 165.127 21 782 
(hydro 
K 8 pihalate ee ee 166.135 22 046 
htha 
Hach 1,048 a al ee ae ee oat Hh Gl EG 218.186 33 882 
<Sulphosalicylic) 
: rey 254.217 40 520 
tgHsON Sie aaa orp 173.173 23 848 
(quinaldin{c) 
209 .203 32 057 
aoHieOaN 21lz0 - = = ' | 299 '248 oes 
ctl Henddiainte stetraacetic, comple- 
HONS © sont ho. ed 97.0258 43 178 
HGO 5 Jo Gao id soe ect ate 45.0179 65 339 
HHCO,. 1 lle ee 90.036 95 442 
BHCO. ke ahead 135.054 43 054 
HOO. 6 ae alae 61.0173 78 545 
WCOi. oa aka 62.0253 79 257 
H.G.G. 4 sa he 6385 | 90.036 95 442 
(oxalic) 40 060 
HyC,04-2H,0 9. so 126.067 
63.0333 79 957 
Cl eH sCa0 2820 Peat ached 36.464 56 183 
HCIO. Ac nag ie ghee esenvecue 2 52.460 71 983 
HOlOs:. . Gab whe dee ees 84.459 92 665 
CIOS gc = crad. tatek rs tanterne aac 100.459 00 199 
HiCrOg a4 doe 58 es oP 118.010 07 192 
HaGrOg eo 4c eo ot 218.004 33 846 
FR ee Oh ch tas eee Hines Ee 20.0064 30 117 
i: ee Gn are a ae 127.9124 10 694 
TO, pr eae es aati 143.9118 15 810 
FQ g. ce hud ha AP ett. 175.9106 24 529 
Og. 5 oo sae hts es Sahech  % 191.9100 28 310 
HalQg ge boas, oo ee 227 944 35 782 
H,Mo0,-H,O ......~..~. 179.97 25 520 
FINO ee ces tte ns ce kee hws 47.0135 67 222 


Table 6 (continued) 


Formula | Weight, a loa 


HNO, 63.0129 79 943 
HO see OH 
H,0 18.0153 25 564 
36 .0307 55 667 
54.0460 73 276 
72.0614 85 770 
90.077 

108 .092 

126.107 

144.123 

34.0147 

17.0074 

68.0295 

79 .9800 

95.9794 

96 .9873 

65.9965 

81.9959 

97 .9953 

477.975 

251.2 


34.080 
17.040 


48 
Table 6 (continued) 


Formula Weight, a 


200.59 
100.295 
401.18 
360.40 
318.68 


574.78 


Hg(C;H,02N). eS 
(anthranilate) ; 

Hig (CillygONS), ; 633.16 
(thionalide) 288 .61 


202.63 
271.50 
472.09 
316.58 
454.40 
324.60 
342 .62 


H ) 525.19 
HEg(NO)) 2H,0 561.22 
HgO i 


126.9044 
253 .8088 
380.7132 
507 .6176 
634.5220 
761.4264 
162 .357 

233.263 

142 .9038 
174.9026 
29 .1504 
190.9020 


49 


Table 6 (continued) 


Formula | Weight, a 


114.82 
38.273 


In(C,H,ON)s 
(hy roxyquinolate) 
nC, 


6K 
K Al(SO,4),-12H,O 
Khoco ada’ 2 
KBF 


235 .285 


358.340 
324.424 


65.120 
138.213 
184.239 


4— 1845 


Table & (continued) 


Formula | Weight, a log a 
ClO goo i lsa be be ; 122.553 US 832 
MWeKCIO,. . . . : a 20.426 31 018 
lO Fe eo a 2 tay 4 S03 138.553 14 162 
K sCo(NO»), glen athe aod oe, ait fo 452.272 65 540 
K2Co(S0,)2 6H,O0 ... : 437 .35 64 083 
Kg GeO gi deme b woe ce vy a 194.198 28 824 
WK CIO, 4b we ee es 64.733 81 113 
K3€r 05 6 ics ba oe 294 192 46 863 
4K ,Cr,0,.....2.2~... 49 .032 69 048 
WKoCr,0,....2.~2.2~.2.~. 147 .096 16 760 
KCr(S0,).- 12H,0 Binh a, EA 499 .414 69 846 
KOR ho a A ge on 58.100 76 418 
KsFe(CN),.......2.22~.. 329 .26 51 754 
K,yFe(CN),. 2... 2.0.20: 368 .36 56 627 
K,Fe(CN),-3H,0.......~, 422.44 62 573 
KFe(SO,4).-12H,O 2... 503.26 70 179 
KH,As0, 5 Mice e tee ie tech ee 180.037 25 536 
Hepes ett 4s Bec e 218.134 33 872 
KHC,H,O,. .....2.2.202.. 188 .183 27 458 
(hy rata trce 
MO tech Be a een oon 204 229 31 012 
(hydrophthalate) 
a ge a eras eres aa tste Oe Se, Japs 100.119 00 052 
KHC, ror HgO ery 6 ke ko 146.145 16 478 
KH,(C,04).-2H,O ......~. 254.196 40 517 
KHF, ............. 78.107 89 269 
KH(I0, Vee eeciets ati: De whe eer 389 .915 59 097 
Wem Gio. 6 3. eanl one 32.4929 51 179 
Ha POs wack & 2b he hie 104.091 01 741 
KH,PO,..........2.. 136.089 13 382 
KgHPOg se ee oye ee 174.183 24 101 
KASO9: oo is asa te oe ea 120.172 07 980 
KHSO, ..........0.., 136.172 13 409 
IEA Mote Bae te oe dl Ae 166.006 22 012 
Kel toes Gs hrok ei aa @ Saas ae 8 419.815 62 306 
K105 sete pla Ave: Guba Te, att aoe ai 214.005 33 042 
fQKIOg. 25 foe og He Ae 35 .6674 55 227 
KOTO OE hea ceca te a > hee 230.004 36 174 
KMnO, ............ 158 .038 19 876 
/KKMnO, ......... 31.6075 49 979 
/4KMnO, ......... 52.6792 72 164 
2KMnO,.......... 316.075 49 979 
KN(CgHg)o(NOo)g 477 .307 67 880 
(dipicrylaminate) 
NOs cy dels OR BSS SS 85.108 92 997 


KINO: oe vac hea, RS a th 101.107 00 478 


ol 


Table 6 (continued) 


Formula | Weight, a log a 
KNaC,H,0,-4H,0 ....... 282.226 45 060 
a saa ioe A a ame a 94.203 97 406 

WO Bin Geiger be 47.102 67 304 
KOOCN eee a ees 81.119 90 913 
KOH os) 2s kc oe aes 56.109 74 903 
KeRO. anew ae yios, 8 ae 212.277 32 690 
OPC ao o's ote 486.01 68 665 
KREQ GS cy arvion cd eacteas 289 °3 46 135 
KG. et ee eos ie 110.268 04 245 
KShSH Oc hgc de ur acer 2 4 200.345 30 178 
RSENS? fod cs ees c erates a 97.184 98 759 
(ace) eae a meee ee 158.266 49 939 
K SO OHO =p ies ais ase 194.297 28 847 

SSO td heh eres oat 174.266 24 124 
Ke a ee 22233 34 700 
KeGi05. oo fn neue we acl 254.33 40 540 
ReSO ccc eee ad ea Gea 270.33 43 189 
K(ShO)C,H,0,-/,H,O ... - - 333.93 52 386 
Kip 220.280 34 298 
La(C ane 0.).-43/,H,0 343.07 53 538 
a(C,H,0.),:1/,H,0 .- +: = 
ree ee ll! 374.38 56 982 
Babe oe hae a mean eas 195.91 29 206 
La(NGss6H,0) o.oo 433.02 63 654 
BOE Gol ate 325 .82 51 298 
bas (GOis 0 8 woe on es 566 .00 75 282 
BE ee eee ped oe hae We cent wed Lect Sa eat a a Be Ue sa cha Croat tae 
Di, cee pedep a) dept < 6.939 84 130 

OEY leak vy. cam wich Medes 13.878 14 233 

BL sok a Soe A 20.817 31 842 
RBS nc Ae irs 86.843 93 873 
LisC,H,0,-4H,O 1... 281.984 45 022 

_(citrate 

TCOn. fig accra tatk a: 73.887 86 857 
Hil, tence tod ae an ae SN 42.392 62 728 
Lif Sod ke a ee 25.937 41 392 


q* 


rm) 


Table 6 (continued) 


Formula | Weight, a log a 
1! a a ee ee oe 7.947 90 020 
7 ae ee oe na ar ae: 133.843 12 660 
Lil-3H,0 ........... 187.889 27 390 
LINO, oe es Ou 68.944 83 850 
LiNO,-3H,0.......... 122.990 08 987 
U0 fe ek eG 29.877 47 534 
LIOH! (ooo. eo sok fae wees 23.946 37 923 
EXPOp” trond on on ew 115.788 06 366 
iS0p ih ea ae 109.940 04 116 
Ti,SO,¢H.0 -2oy 5-2 5 pak 127955 10 706 
Mis 08 tons. Hoe ees A 24.305 38 570 
TM a oie tt ccce nce en, 12.1525 08 466 
OMG Si beget toe hous 48.610 68 673 
SMG rade acme. eee ee 72.915 86 282 
Mg,As0, 1.1.0.0. 00- 310.449 49 199 
Be, sttvrs, era stead & 184.113 26 508 
MgBr,-6H,O .......... 292 205 46 569 
Mg(G HON), we 312.614 49 504 
(hydroxyquinolate) 
Mg(C,H,ON),-2H,0 ...... 348.644 54 238 
McCOss. os 4a 6 Beas a 84.314 92 590 
Mpls. bo. © Aree canes ahs 95.244 97 869 
MgCl,-6H,O .......... 203.303 30 814 
Mg(ClO,).-.. 22. ee 223 206 34 871 
Me(ClO4).-6H,0. 1.1.11. 331 298 52 022 
Bee a, een orale 62.302 79 450 
Mg(HCOs)y. 1.1... 146.340 16 536 
MgNH,AsO,-6H,O ....... 289.355 46 143 
MENH«PO,*6HZO «ss... 245.407 38 988 
ME(INGs\5 ses hoe a eae 148.315 17 119 
Mg(NO;),6H,0......... 256.407 40 893 
MeO ee ke hh ert 40.304 60 535 
If MgO’. a4 edo ees 20.152 30 432 
MgO, 6 6 ode ee oe 58 320 76 582 
Me.P,O7 cae oped Glass t 229.553 34 743 
BO eG exces hows 120.367 08 051 
MgSQ,-7H,0.......... 246.474 39 177 
MgSi0(, ............ 100.389 00 169 
Mg.Si0,.......-.0-~. 440.694 14 828 


nD 


ee © © e 8 


eo 8 © e © ew 


2. 8 © © e 8 © 
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Table 6 (continued) 


Formula | Weight, a log a 
Mn <8) 2 eo heees Ge 54.9381 73 987 
TPMT. 6 Fi 6 ei h a Selst an 27 .46905 43 884 
OMn: & oer deae eds Be eS 409.8762 04 090 
SM iio yee ee arc aes 164.8143 24 699 
Mn(C,H,0.)-4H,0 ....- ~~ 245 .089 38 932 
(acetate) 
Mn(C.H N)g(SCN Joo coe ee 487.541 68 798 
pyridine 
MnCO, Match Mes, Gy BNE cto 114.9475 06 050 
Mnly ice aia, ee Soe eS 125.844 09 983 
MnCl,-4H,O ....----- > 497 .905 29 646 
MnNH,PO,-H,O....---- 485.956 26 944 
Mu(NO es. 2 poe ae ee ee 178.948 25 273 
Mn(NO,),-6H,O ..------ 287.040 45 794 
MaO: 75330 3 2. e te Soe ee 70.9375 85 088 
MnO <3. teres oe oot Pe ee 86.9369 93 920 
NAO gf) 75 ons Se ices Gere he 448 9357 07 534 
MOOS ie eas cst ov nko ENG 157.8744 19 834 
Mig yas at «eS Seo 228 8419 35 948 
Mn(OH), ..-- ++ +280 88.9528 94 916 
MizP.05.% 4. oie ca ee eae 283.820 45 304 
MaS foo on Gi Se i 87.002 93 953 
MnSO,) ee hae wrk eo 454.000 17 898 
MnSO,-4H,O .. 7 ee ees 223.0641 34 842 
MnSO,-5H,O ...----:: 244.076 38 215 
MnSQ,-7H,O .-.- eee 277.107 44 265 
ae er eee er eee eee ee ce ae 
Mo! ce 0. tie a ds dee 95.94 98 200 
OMG. oss oo cs hee he oe 191.88 28 303 
3Mo .....-0+08 28 © 287 .82 45 912 
uo ea ee ee 143.94 45 818 
ae ee ee ee ae 159.94 20 396 
MoO, G,HION se oo a.e Soe es 416.25 61 935 
‘Ox inolate 
Pe Tk go casera 160.07 20 434 
Mos, Bit ae tal Whacial, acorgae aN 192.13 28 360 


ONY a8 388 fon ssh Shae eB 28 .0134 
ONE 214 Vee Shenae Sak ees 42.0201 
GING ices Gary ae Sail has hea te 56 .0268 

70.0335 


Nes eet Geiger eben Se 44.0067 14 634 


o4 


Table 6 (continued) 


Formula | Weight, a 
ON. fo w, & a Re em a 84.0402 92 449 
5.50N (“gelatin”) Re te ees 77.7372 89 063 
-6.25N (“albumen”) ..... 87.5419 94 222 
6.37N (“casein”)... ... 89 2227 95 048 
Ne 5, 2a iii cee ate ae 15.0147 17 652 
Nitride. cots a ee 16.0226 20 473 
QNH 6. arcs eek so eae 3 32.0453 50 576 
SNH sg: concle: Salat @ea,lare 48 .0679 68 186 
NA gts ke ce we GH fae das 17.0306 23 123 
ON Hg 97.2. 28 SAR Boe Gea 34.0612 53 226 
SNe of os tah Ee Secs 51.0918 70 835 
BNA, 5. hs ee Be 68.1224 83 329 
DN Hg coe Font td. Bega Pe 85.1531 93 020 
GNHg 0s ek poe eee oe 102.1837 00 938 
NH ge cx ik oe eh Pg 18.0386 25 620 
2NH 4, 4. wie Be a : 36 .0772 55 723 
SNHig o.oo ets ee 54.4157 73 332 
Nowa: ocnc8 Se ed ho Se eS 32.0453 50 576 
NoHy-HCl . . 2... ee ee 68 .506 83 573 
NoHy-2HCl .......... 104 .967 02 105 
NoHatHGO 6 ae tse de eas 50.0606 69 950 
NeHgtieSOgs sa oe open e 130.123 11 435 
NH3OH soo eee oe ee 33.0262 51 886 
NH,OH-HC] .........-. 69.487 84 190 
(NH,OH),-H,SO, ......- 164.138 24 524 
HeSOSh ~ ig. gta ee ee bk 97 .093 98 719 
NH vAl(SO4)e: 429H,0 ...... 453.33 65 642 
H,Br arnt CN as te ae ett 8 97 .948 99 100 
NH,CjHeOs. se eg nh we eS 77.0836 88 696 
eetate) 
(NH )eCOg cto ose oe 96 .0865 98 266 
(NH), C03. HSN en cs ae os 114.102 05 729 
(NH,).C,0, ‘Hy Ors Ae eG oe DEAS 142 :112 15 263 
(NH4).Ce(NOg)q ee a aie Ate Abe 548 .23 73 896 
(NH,),4Ce(SO4)4-2H,O .... 632.55 80 109 
NH, se xo ek ee ee 53.492 72 829 
NH,{ClOg. ee he Se a 117.489 07 000 
(NE C00, fr Gace tg 152.074 18 205 
(NH,)oCr,0, ........-- 252.065 40 154 
NH gF oe ce Bebe we Gays 37 .0370 56 864 
NH,Fe(S0,)o- 42H,0 ...... 482.19 68 322 
(NH,4).Fe(SO,4)o- 6H,0 ies Gane 392.41 59 341 
NH,HCO, ........2.2.. 79 .0559 89 793 
NAGH Bees. vs. ocie de a he i 97 .0434 75 621 
NH,H,PO, .......2... 115.026 06 080 


(NH,),HPO, 1. 0.10. 132.057 12 076 


Table 6 (continued) 


Formula | Weight, a log a 
NEGHSie a tek ort en ood 54.444 70 854 
Nt sHSO, Bee ace he 115.108 06 144 
H,)Hg(SCN), 6 1... 67 116 
a ca eee 144.9430 16 120 
NE a OpedHO° ate oa 1235.9 09 197 
TNOe eet lees 64.0444 80 648 
NIENO het aes 80.0435 90 333 
NH,NaliP0,-4H,0......- 209.069, 32 029 
(NH,),POs. AIMGOs. fies ec 1876.3 27 330 
(NEC PdCly sas a ee eon 
(NHS ?PtCl ete tne siee 443.89 64 728 
(NE Gig fe ee et 68.144 83 341 
soo) gw aie ee a {78-420 88 150 
NE). SOc cea A ; 
WH sO eee ee 132199 12 103 
NH,):8.0, - +--+ se eee . 
(Neste a ae ae 178.154 25 080 
a)2 6 
(Nj onGlg.sn et © ase seta 367 49 56 525 
None Se ee 30.0064 41 724 
NOM coir ee anocn ee 46 0055 66 284 
ONO5 a. date aces FS 92.014 96 384 
BNO. cas tueere onan oe 138.017 13 993 
BNOs, gc Anureteeded 184.022 26 487 
BNOG. btu wig autos 230.028 36 178 
ENOG ie ke ceccnte eS 276.033 44 096 
NO So eee oe aes 62.0049 79 243 
INOS 6 ee ee 124.010 09 346 
SNOn ce eee eno 186.015 26 955 
ENO gsc do yan ees 248 .020 39 449 
NO0 8 Soe tae ed 44.0128 64 358 
NiO cee a ee 76.0116 88 088 
MeO fo eh gi ae cece: 92.014 96 384 
NO ese ok ee tee Geran 108.010 03 346 
geen ie mee NaN er ee | ee ee) 
ey sare ee 22.9898 36 154 
ONa a ea ee oe 45.9796 66 257 
ANG: oh aaah adem nee 68 9694 83 866 
TE OE ees 91.9592 96 360 
Eee Ree 114.9490 06 054 
i ee ee Re a nee 137.9398 13 969 
NGZAINS, fcc act goo cl iste ole 209 9413 32 210 


NaAlSi,0,......~.~.... 262.225 44 867 


Table 6 (continued) 


Formula 


Na,As0,-12H,0 ........ 
a a oe oe ee ee ee a 


NaBH 


rr 


NaC,H30, -3H,O rr 

Na,C,H,0,- -2H,0 rr 
(tartrate) 

NesGeiele -51/2H,O rr 
(citr 

NasCelieOy oe 6 © e © eo ee el 


Na,Cr,0 


Ne a,Cr,0, 2HgO! poe ee eae 


Pe a ee 


Na,Fe(CN),-10H,0....... 
Na,{Fe(CN),NO]-2H,O ..... 
(nitroprussiate) 


Na,HA: 


Weight, a 


. 
ae 


129.9102 
424 .073 
342 .229 
37 .833 
137.864 
153.860 
201 .22 
100.64 
381 .37 
190.69 
279 .968 
102 .894 
138.925 
150.892 
25.1487 
82 .0348 


436.084 
230.083 


357 . 156 
210.098 


49 .0077 
105.9890 

52.9945 
286 . 142 
143.071 
134.000 


67.0000 


297 .953 
169 .9074 


loza 


11 364 
62 744 
53 432 
57 787 
13 944 
18 713 
30 367 
00 264 
58 135 
28 033 
44711 
01 239 
14 278 
17 867 
40 052 
91 400 


13 380 
36 188 


55 286 
32 242 


69 026 
02 526 
72 423 
45 658 
15 555 
12 710 


82 607 
76 673 
87 182 
02 714 
08 792 
60 631 
20-944 
36 928 
41 825 
47 424 
62 313 
68 491 
47 415 


23 024 
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Table 6 (continued) 


| Weight,-a 


NasHASOg doe 2 2 KS 185.907 26 930 

Na,HAsO,-7H,O ........ 312.014 49 417 

Na,HAsO,-42H,O ....... 402.091 60 432 

NaHCHiOe <2 fy oe oe es os 172.071 23 571 
(hydrotartrate) 

NaHC,H,O, .....-- ee 188.116 27 443 
(hydrophithalate 

NagH,CypH,,0gNg  . - - - e 336.244 52 664 


12V8 
(ethylenediaminetetraacetate, com- 
plexone 1JI, trilon B) 


NaH, Cig zea -2H20 372.242 57 083 
(ethylenediamtnetetrancetate, ” dinyd- 
NaH COs oct ie fs dog: 3 ees a 84.0074 92 432 
NaHCO). eee eo 4 112.018 04 929 
NaHC.0,.H.0- 2402 e+ 3 130.033 11 405 
NaH.POs sg vies ae a 87 9783 94 438 
NEHEPO, ce ae se ead 119.977 07 910 
NaH-PO,-2H,0 11... --- 156.008 19 315 
NalHPO. owned ae 444.959 15 246 
NasHPO,. Pr 477-990 25 040 
aJSHPO,-12H,O ...--.- s+: P 
Me ee 56.062 74 867 
NaHSO,0 4 ee aes 404.060 01 728 
NaHSO. 8.) wate ee ee 420.059 07 939 
MaHSeO.* 22s eee 150.96 17 886 
Nate So. ee be tess 149 8942 17 578 
NalO. foe ok eee 197.8924 29 643 
NalO. es ce aoe eS 213.892 33 019 
Nak Cali,Op WHO) 2h 282.226 45 060 
NaM .6H,O 1496.88 17 548 
antg(UOy)(CaHa0e eae ts bog 205.92 31 370 
NaMoO!-2H,.0 1.1.0... 241.9 373 
aN, . . i aps BOE eee 65.0099 81 298 
NaNHa cs ee Ce ae 39.0124 59 120 
NaNHHPO,........-- 137.008 13 675 
NaNH.HPO,-4H,O. 1... 209069 32 029 
NaNO. ac Chie ee te 68 9953 83 882 
NaNO, - -paeloa cue 2. 84.9947 92 939 
NiO) he oa ha eaesetacs 64.9790 79 224 
WINGO okt cs e-o  oe 30.9895 49 124 
$0 6 kat eine mes 77 9784 89 497 
NaOH! coe bse baal 39 9972 60 203 
Naps cy cc okis he eee, 404.9618 00 844 
Saipan mee 163.944 | 24 469 


Na,PO 
NasP04-12H,0 . 1.1.1... 380.125 57 993 


Table 6 (continued) 


Formula | Weight, a log a 

We PeOy eo a's ese dk eS 265.903 42 472 
Na,P,0,-10H,0 .. 1.11.” 446 056 64 939 
Nag. <6 os a een 78.044 89 234 
NaS9H,O0 .....,,.,~, 240.182 38 054 
NasCN.. 1.1... 81.072 90 887 
NaSOs i ee eas 126.042 10 054 
Na,SO0,-7H,O ......~~”~«. 252.149 40 166 
BOs te ea a Ale 142.044 15 244 
Na,S0,-10H,0 1.1... 322.195 50 812 
Deu reer eed eee ah ee 158.44 19 896 
1/,NaS,05, .0 2 eeu 79 053 89 792 
Na,S,0,5H,0 ......~.~«~« 248 18 39 477 
/,Na,S,05-5H,0 . 1... 124.094 09 374 

NacS0.06 ee nk eee 174.44 24 082 
Na,S,0,2H,O ......~.~.«. 240.14 32 254 
BS0p eG ofa ae ong ee 190.40 27 898 
NaS,0. cc 6ne os, 2) tens 238.10 37 676 
Na,SbS,-9H,O ......~.~.~« 481.11 68 224 
NajS605-6 ice iete ase dues 172.94 23 790 
NaSiF, .........00~. 188.056 27 429 
Neo Si0e- ac ec aoe te cc le 122064 08 659 
Na,Sn0,-3H,0......~.~.~. 266.74 42, 604 
BOs oe aoe ern eye eed 634.04 80 242 
Na,U,0,-6H,O.......~.~. 742.13 87 048 
NaVO,-4H,O ......... 193.994 28 778 
NG WOss Gio, carte es 293.84 46 807 
Na,W0,-2H,O ......~.~.~- 329 84 51 830 
NaZn(UO,)3(CgH02)96H,O . .| 1537.94 18 694 
IBS eat n es spd louse ce Jo, ke 92.906 96 804 
BN Bed. att veciia can 185.812 26 907 
MbCle eek heap, eet eo 270.17 43 164 
NEOs ee ee a a 265.809 42, 457 
Mis es cist aro oe Shan coos eh 58.74 76 874 
WANE oe oe oe Bun as 29 355 46 768 

ONI a ee ote oe aioe 417.42 06 974 
Ndcasoeh BHO yg doe es 248 86 39 596 
Ni(CyH,O.Na)p .. ee 288.94 46 084 


(dimethylglyoximate) 
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Table 6 (continued) 


Formula 


(pyridine) 


Ni(C,H,O,N)o . 2... 2 ++: 330.97 51 979 
(anthrantiate) 

Ni(CgH,ON), «2... ee | 347 .02 54 035 
Uiydeetyqulfora 

Ni(Cj)H,ON),-2H,O ..... . 383.05 58 326 

NiIGCO§ vi¢ ee ee es 418.72 07 452 

Ni(CO)g te ee ee 170.75 23 236 

NiC],-6H,O .....-- +: 237.71 37 605 

NiGle (ocr 5 ie os het Ee 129.62 41 267 

Ni(NO3), 2 2 eee ts 182.72 26 179 


O3)a 
Ni(NOs),-6H,O ...-- +: - 
Ni(NHy)9(804)a 6H,O ..... 


Set aie tun fh tends eerie 74.74 87 338 

N 05 Wo ee eee 165.42 24 859 
NigPLOs (ons dud herd ae © Ps 291 .36 46 443 
IS eo oe anki Aig ree au 90.77 95 794 
NiIGOG Mca ak ee atte eed 454.77 18 969 
NiSO;7H,0. oo vse cee es 280.88 44 852 


ee eee ey ae J) 0 
Ore ee ey ye Oe Se Se i 


15.9994 20 410 

7.9997 90 307 
31.9988 50 513 
47 ,9982 68 122 
63.9976 80 616 


Ni(CsHsN),(SCN). 2... 0: 491 .28 69 133 
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Table 6 (continued) 


Formula | Weight, a log a 
OSC 5.04. race em Rane 332.0 52 144 
S08 2 hai Polk Ge S 222.2 34 674 
SO gO oe etn ese ence BG 254.2 40 518 
Pe yl ete ie et Ea ee SS 30.9738 49 099 
MEP Eee oo. Nas LM oe U8 ewig es 6.19476 79 202 
DSPs 25 Ak ober andes, le rasta ete Se 10.32460 01 387 
DP ohh tes Bae fe Be AS 61.9476 79 202 
SPY oe eek Oh Ga ere 92.9214 96 812 
PBte- oso as og See 270.686 43 247 
POM es Soe ly oe ee Ie 137.333 43777 
PO), eh een AE est 208 .24 31 856 
PH geri eid Ge oe, ceed er 33.9977 53 145 
POg is. x a oe ce a OE 62.9726 79 915 
PQ 9. cas lee SB age A ee 78 9720 89 747 
te ee ee er ae 94.9714 97 759 
QPO ge fe eB 189.943 27 862 
Pl0g) sk ee ees 109 9458 04 118 
PeQee ae Fae es eee Boas 141.945 45 212 
PO): 3 20a Rb ee ae eee 173.943 24 044 
POC] . 2... et et es 153.332 18 563 
P,0,-24MoOg. . --- + es: 3596.5 55 588 
WEP Bg. koe hh eyo oe 103 .595 01 534 
DPD: ve ph tee eo ee, GY 414 38 61 740 
SRP SEEN SASS a a heb See 621.57 79 349 
PDBrp: oocheceee ea 4 so 367 .00 56 467 


Pee Pe eee, eee ee Ae 


Pb(C,H,NS, JOH ......-.-. 
(mercaptobenzothiazolide) 

Pb(C,H,O.N), .....---- 
Gaufoandcrttate i nO oc 
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Table 6 (continued) 


i 


Formula 


PhCl. (4c 3:8: 5) Peters. alg 349.00 54 283 
PLCIF. 2.2... . Lee 261.64 41 770 


Weight, a log a 


PhCiOg «2 cla Gara Phe 323.18 50 944 
ee ee 245.19 38 950 
Bile awk ee ae eae 461 .00 66 370 
POMS. Oo eu co cae 367.13 56 482 
BB(NO]e0 3c oes a 334.20 52 009 

BO oo om Aen Aiea 223.19 34 867 


Pd(C,H,0, 
Puce stl Bhbrinint 


reas ee 


62 
Table 6 (continued): 
Formula Weight, a 


85.47 
170.94 
920.76 
230.95 


102.905 
205.810 
209.264 
134.904 
253.808 


116.16 06 506 
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Table 6 (continued) 


Formula | Weight, a loga 

SSG? bet he Gere tote 174.25 24 117 
4SGN. ee ae A, a 232 .33 36 611 
OSCN: 2 a. 6S Se Pee A 290.41 46 301 
GSGN: keane Se Ae aS, Se 348 .49 54 219 

EE yak rnin ag SS, Gergen es Oe oe 33.072 51 946 


28H pene 66.14 82 046 


2 

SEC Ge ee i ee ee 4 262.85 44 974 
(pyrogallate 

Sb(CGHON) eee ae # 554.21 14 367 
( roxyquinolate 

shicllONS), ee 770.60 88 683 
(thionalide) 

Be a eth, «cnet estates Seg 228.14 35 814 
BCI citys Serotec oie: 299 02 47 570 
Se een ee wa oh ee 502.46 70 110 
SBOGLi- Guten eo aie 4 ee 173.20 23 855 
SiGe cat hee Anes 291 50 46 464 
CUO ue et 323.50 50 987 
SbSe ins eco gor de spans 250.04 39 796 
She toe tte es ee 339.69 53 108 


cs i 


a ss i 
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Table 6 (continued) 


Formula | Weight, 2 log a 
DC ea ad ints oe a ao Sa Be 44.956 65 279 
OSCr grisea Bi sy 89.912 95 382 
SGi05. bigs eg Ae es 137.910 13 960 
S026 sos eee, bia es Ee 78.96 89 741 
25 0r is oat le doh isc an 157.92 19 844 
BOO 5. as geek we de 110.96 04 547 
SOM e. ai cate shee oly Gratien de ore 126.96 10 367 
SaQ Gye We AG ok Soe 8 142.96 15 524 
Oe ee Rn ei 28 .086 44 849 
DOL. la ened oh Srsen Be ele oe a 56.172 74 952 
SOM, ecole: ence we Lin 84.258 92 561 
480 oe Sed wt dee te ete rere x 112.344 05 055 
OSL- elon eae a ee ea 140.43 14 746 
GSE see a Se et 168 .52 22 665 
SiGe ge hy eres eee ee 40.097 60 311 
SiGlp.. 4-258 Shes GS 169.90 23 019 
SIP petits Se rit ety ee 104.080 01 737 
SiR gsc. ei titer Kw Oe Bee te eee 142 .076 15 252 
SiH geo 5! else as: adhe Se By see: ede 32.118 50 675 
SiO pick nt ae dete heen ta 60.085 77 877 
SiG ges 4--e wks tes ; 76 .084 88 129 
BOI ge Fo we Seve Ge nda ade Hs 8 152.168 18 232 
BSIi03. hogs a ie te BS 228 .253 35 842 
SIO g fo ode Mh as ta 4h Oe 304.34 48 336 
SiO ck ae oe eerie ee dys wel a 92.084 96 418 
29108% 2.35 teh oes be ee 184.167 26 521 
Sig0s> Go oe a ese se ees 168.168 22 574 
Sig0 ge. eee oe Bee eee 212.253 32 685 
Gn 5 Boe: & doae 2h eA 118.69 07 441 
a nn a 29 .673 47 236 
WSN ee kk eas 59.345 77 338 
OM: Ia Meds ook Be ke Ae AEA 237 .38 37 544 
31 0) Pea oa a aa me 189.60 27 784 
SnCle 20. oe ke ee et 225.63 35 340 
Sly ay bi Bae ew ke wna le we 260.50 41 584 
STi hn te eo eats oe, SL, fe en he 134.69 12 934 


65 


Table $ (continued) 


Formula | Weight, a log a 
SUG Bake oe esa te Pad the 150.75 17 826 
SANS coud dnd val eee ey aS ot’ 14 182.82 26 202 
BTS a ry hxcad aoe “au eee aS 214.88 33 220 
GP ias, 8 fig Bia, oe owas le Yep es 87.62 94 260 
sigs Sele, ie aes Bute 43.810 64 157 
Doi ce ote ed, hte ds GE 175.24 24 363 
aie sls) OYGHGO- 6° eo as 214.72 33 187 
ac 
POO? ds Pee, Lae ce Ses Bohs 175.64 24 462 
SiG sO sHaOs ie foe tee es 193.66 28 704 
$OOs ¢ oct Gh ee ee we 147.63 16 917 
SECIGS od oo? a Ges a ee a SE 158.53 20 014 
SrQlGHs0) yx arslane ke eS 266.62 42 589 
rCrt es eg Wrton ead 8 203.64 30 880 
Sr NOs\oc ue ates aks ae = a 
E(NOs) els Oo ce a a ya KS 283.6 
0 ade" creer ae One 103.62 01 544 
Sr (OH, OMY kot ete th th oe th hate at 83 08 504 
r(OH)-8H,0 2... ee es 265. 
rs Os DH) eee eces Une ty ae 167.68 22 448 
S180" Fae ee ee eee ayes 183.68 26 406 
SiS;Os7. 8 dn: aon eee ates aes 199.75 30 049 
TAM. O25. de aetge ti edhe Se We bt 180.948 25 755 
[hy a ee eae eee ae 361.896 55 858 
Tales gcs25-es4. th hw OS 358.24 55 414 
PasOp ed ik inno) ge eran, SOS 441.893 64 532 
si ete I bin Oey Ak auch’ see ty ge Meats | Ek, abe at cap Soccterk [cet se Ae ate) ae ot 
TG. OS cn he wah Ree 127.60 40 585 
De in Sick wae GPS binds a 255.20 40 688 
TOO. nada. ee eG Be 159.60 20 303 
TOs, £:.c wean Gre ee 175.60 24 452 
MOO skis ca kn tp. 2 maa ne ae 194.60 28 240 
This. = 8 cite nt boa se he Bes 232 .038 36 556 
OT As, 62 ec Dade we, tay “et oe 464.076 66 659 
THICGSHAON Ny oe & ee ed 5 4S 808.655 90 776 
(hydrox yquinolate) 


5— 1845 


Table 6 (continued) 


Formula | Weight, a | loga 


Th(C,H,ON),-(CjH;ON) ... . 953.817 97 947 
(hydroxyquinolate) (hydroxyquino- 


line) 

Th(C,9H,0;N4)4:H,O . ei tee fe, “Ge 1302 .818 11 488 
(picrolonate) 

Th(C,0,).-6H,O ........ 516.170 71 279 
(oxalate) 
Clee cat le Ach writ. Gnd, Scho 373.850 57 270 


Co a 
Ce an a ae oe ed Te a ee See a A SC a (Oe | 


or 
a eee Oe es Sc ee 
Be) a a a a ee te 


TiChs be tree ok toon Se 489.74 
TiO(C,H,ON), .....-.. 352.24 54 684 
__. (hydroxyquinolate) 


OL eae BS a eens Sacer ta he 
PY 


i 


a ay ee ee ne a Py a CO, se 


Ce 


TICFH,NS, «2... 2. ee 370.61 56 892 
(mercaptobenzothiazolide) 
TIC HONS: oss Soxed eA 
(thionalide) 
TICl 


a 


G7 


Table 6 (continued) 


Formula 
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Table 6 (continued) 


Formula | Weight, a log a 


V,03(C,H,ON) 726 .499 86 124 
(nydroxyqu nolate) 
184.884 25 979 


WO,(C,H,ON) 
Wares eutaaiatey 


94 893 
24 996 
35 374 


(ac 
Zn(C,H30,)3-2H 
Zn(C,H,N )g 
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Table 6 (continued) 


Formula | Weight, a log a 
Zng(PO,4)y:4H,0 ... 2... 458.44 66 097 
ZieP.Os 8. sth, wees 304.68 48 384 
TAG Ae Ve Sas Sag tciae 97.43 98 869 
POSO+ oN iytard a he booed 161.43 20 798 
ZnSQ,-7H,0. 1.1... 287.54 45 870 
Tide OSC aba os 91.22 96 009 

Apes tal, toa hake 182.44 26 112 
Ze (CyH,0 Nj. see eet oes 667.84 82 467 
drox uinolate 
De ee cn dagen at 233.03 36 744 
DUNOAN hee ae Seka Be 339 24 53 054 
Zr(NOs): BHO 25653. nach 429.32 63 278 
Dt yah Se co inn cat 423.22 09 068 
zo, BHO) oka, eat nos a 322.25 50 819 
ER{Os) ooh detec ae 265.16 42 354 
TSO). cose a ewes ea 283.34 45 234 
Zt(SOq)q-4HgO 1 ll. 355.40 55 072 


Co a i i sO i i 


Ce , , 
Ya 
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Table 7 


Analytical and Stoichiometric Multipliers (Factors)* 


If g is the weighed portion of a substance taken for an analysis, 
a is the mass of a dried or calcined precipitate (gravimetric form) 
and f is the multiplier found in the given table, then the percentage 
of the unknown substance can be found according to the formula: 


a % , log z= log a+ log f+-2—log g 


where a and g are expressed in the same units. 

Calculations must be made by discarding the characteristics of 
logarithms and leaving only the mantissas. Then, every calculation 
is reduced to the addition of three numbers 


log a + log f + (1 — log g) 


In this table, the multipliers and their logarithms occasionally 
do not exactly conform to one another because the multipliers are 
rounded, while the logarithms of the multipliers—the intermediate 
stage of calculations—are given in more accurate numbers. 


Zz 


Substance 
Deine ti Weighed portion Multiplier, # log f 
nn a 
Ag ABBE? oi - done ds aa, 0.5745 75 926 
AGGLY ts: ef eo ae es 0.7526 87 658 
Agh:  chifke eee gk 0.4595 66 224 
Al Al(C,H,ON), Be Bede phe 
(hydrox yquinolate) 
1,0, oe e es e ee ee ee © e© «@ 
BIRO gis Sua he bo! a 
ea ee ee ee 
Ba BaCrO, ......... 0.5421 73 441 
BaSO, ......... 0.5884 76 970 
BaCl, BaSO, ......... 0.8923 95 049 
BaCl,-2H,O| BaSO, ......2.2.~, 1.0466 01 979 
Be BeO: sae, eo a | 0.3603 | 55 669 


* For the use Of the table, See p. 460. 
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Table 7 (continued) 


penbetanre 
eing deter- Weighed porti i 
ne ae g portion Multiplier, f log f 


0.6293 79 887 
(nragata 
Bi(C refooatg 0.3258 51 294 
(hy 


Bi(C,.H 
ciate) 


0.2729 43 603 
0.06086 78 434 


0.2230 34 831 
0.4397 64 316 


Cd(C,;H4NSa2)e 
(nereaptotinzothtarctdo 


Cd(C,H,02 
oi enthransiae) 
Cc 
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Table 7 (continued) 


eee eae 
e e - A 
pe aoa Weighed portion Multiplier, 7 log f 
cl | BOON 6 ete hb dea 4 | 0.2474 | 39 334 
C103 | AECL ooo & ce asus | 0.5823 | 76 512 
ClO, | AOR. Gon sen aoe | 0.6939 | 84 130 
Co Co.P,0,......-4. | 0.4039 | 50 629 
Cr BaCrO, ......... | 0.2053 | 34 228 
CrO, BaCrO, ......... | 0.4579 | 66 075 
Or Sk etek te wei a call 8 gl cA, Wena pe th 
Cr,0, BaCrOye oaks lee es a | 0.4263 | 62 974 
Cu Cu(CsH,N)o(SCN), . . . .| 0.1884 27 429 
(pyridine) 
Cu(GHgON)p ...... 0.1806 25 673 
(hydroxyquinolate) 
CuGHaO.N sc. 84 0.2200 34 250 
(cupron) 
GUO... ee. 0.7989 90 248 
F GaFy . 5 5k ven ee a od 0.4866 68 724 
PHCIR™. 2-5 Gg -con seus 0.07261 86 102 
Fe | Bucy. Ge ca thie acd | 0.6994 | 84 473 
ee ee a ie ee ead eae eee 
H | HeO ao, aout a ok oe Seed | 0.1119 | 04 884 
HBr | AQBE: oc gud me end | 0.4309 | 63 438 
HCN | AgCN.......0. | 0.2019 | 30 504 
HI | REY Se Scie es | 0.5448 | 73 626 
HNO, CopHigNg-HNO, ..... | 0.1679 | 22 495 
(nitron) 
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Table 7 (continued) 


Substance 
being deter- Weighed portion Multiplier, ¢ log f 
mined 


H5P0, 
H,S0, 


03 790 
71 972 
45 058 


RN(CS oHa)o(NOz)e 08: 91 340 
(dipicrylamina 20 658 


Mg(C,H,ON)s 0.07775 89 069 
(hydroxyquinolate) 0.2184 33 930 


| 0.3874 | 


ee te oe [ee ee a ee ee ee 
0.6665 82 382 
0.2613 41 718 


51 016 
17 460 


CoH, 4N 40, 0.2032 30 790 
v flmtonieoxsinat 
0.7858 89 533 
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Table 7 (continued) 


SubStrance 

be al Weighed portion Multiplier, f log f 
Ni | NiSO,.......... | 0.3793 | 57 902 
P Mg,P,0,......... 0.2783 44 456 
(NH,4)3P0, -12Mo00, 0.01651 21 769 

(theoretic) 
0.01639 21 464 

(empiric) 
P,0;-24M00, ...... 0.01722 23 614 

Wty tat EN a, Sele tee yet as trates Sod lM ged ee BO ak ay i] bet vee are fects 

Pb POCTOg: i ae eo ee 0.6411 80 693 
PbMoOQ,......... 0.5644 75 155 
PbSO,........2... 0.6832 83 457 


0.3500 34 831 
0.4397 64 316 


0.4524 65 556 
0.8456 92 716 
0.4770 67 854 
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Table 7 (continued) 


Substance 
being deter- Weighed portion 
mined 


Zn Zn(CyHeN )a(SCN), ‘ 


Zn(Cy 
nC atta 
zutie(s 
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Table 8 


Solubilities of Inorganic and Some Organic Compounds 


The table shows the number of grams (P) of an anhydrous substance, 
given in the second column, which is dissolved in 100 g of water at 
a temperature indicated in the upper line of the table. When express- 
ing these data in weight percentage (P,%), i.e., in grams of an an- 
hydrous substance contained in 100 g of a saturated solution, the 
calculation is made by the formula P, 100--P ' 

S.Ph. stands for solid phase, i.e., a crystallohydrate which is 
in an equilibrium with a saturated solution. The third column gives 
the number of water molecules in a crystallohydrate (S.Ph.) which 
is in an equilibrium with a saturated solution. If the solubilities of 
two or more crystallohydrates of the same substance are givon for the 
same temperature (for instance, at 0 °C the solubility of Na,SO,+10H,O 


Tempera 
Formula 8. Ph. 0 10 20 30 
3 Solubility of an anhydrous substance in 
4| AgC,H,0, . . _ 0.72 0.88 1.04 41.24 
2} AgF_ . . . .| 2H,0 — 119.8 | 172.0 190.41 
3] AgNO, .. . — 0.155 0.220 0.340 0.510 
4| AgNO, .. . — 122 170 222 300 
5] AgSO,...| — 0.57 0.69 | 0.79 0.88 
6} AIC], . . . .| 6H,0 43.8 44,9 45.9 46.6 


7| Al(NO3)3 . .| 9H2O 64 67 75.4 84 
8] Al,(SO4)3 . . | 18H20 31.2 33.5 36.4 40.4 


9} AsQOg . 
As,Os .« 


25 °C) 


as 1.24 — 2.04 - 
59.5 62.1 65.9 69.5 


13] Ba(BrOs), . i 0.287] 0.441| 2.656 


101 104 

0.96 
15| Ba(C,H,0,), | H,0 at, = o 75 
16| BaCl, oH,0 | 31.6 | 33.3 | 35.7 | 38.2 
17| Ba(Cl0,), H,0 20:33 | 26.95 | 33.80 | 41.70 
18| Ba(ClO,), 3H,0 | 205.8 — | 289/2 = 
19| Bal, 71/3H,0 | 166.6 | 184.1 | 203.1 | 219.6 
20| Bal, 2H,0 2 ii = as 
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in Water 


is 5.0 g per 100 g, and the solubility of Na,SO,-7H,O is 19.5 er 
100 g), then the crystallohydrate having the poorest solubility will 
be in a stable equilibrium with the saturated solution, and the other 
crystallohydrates in a metastable equilibrium. 

The solubility values of sparingly soluble salts are estimated by 
their solubility products (see Table 10). 

In the table, the substances are arranged in the alphabetical order 
of the elements included in the formula which is written in the most 
common way. This must be taken into account when looking in the 
table for acid, base, double and complex salts whose formulas are 
occasionally written differently. 

The solubilities of gases are given at a pressure of 760 mm Hg. 


ture, °C 


40 50 «| (60 | 70 | 80 | 90 | 100 
oh AS Ne 
100 g of water at a given temperature, g z 
1.41 1.64 1.89 2.18 2.52 _ _— 4 
OT 0.995 | 1.368} — = = — 13 
0.715 F 2 _ _ — _ 
376 455 5 — {669 — 52 4 
0.98 4.08 4.45 4.23 1.30 1.36 1.44 5 


48.41 _ 48.6 _ 49.0 6 
108 120 132.5 | 153 159 7 
45.7 52.2 59.2 66.2 73.4 86.8 89.0 8 


2.03 | 3.43 | 4.44 | 5.62 | — — | 8a7 | 9 
71.2 — | 73.0 y | 95.2 — |75.7 | 40 
| 4.0 | = | 6.2 | = | 9.5 | = | 15.7 | 14 
414 418 (123 428 ~—*|[135 


1.33 1.75 2,32 3.04 3.65 4.4 ' 


79 77 74 74 _ 75 15 
40.7 43.6 46.4 49.4 52.4 58 .8 16 
49.64 _ 66.80 _ 84.84 104.9 17 
358.7 — {426.3 — 495.2 562.2 18 


= _— 19 
270. 


223.7 244.3 1246.6 257.4 


234.3 


18 


Tempera 
Formula S. Ph. 0 10 20 30 
fo) ——— eee 
a Solubility of an anhydrous subStance in 


21] Ba(NO,), . . | H,0 es 


a}cO..... — [4410-9] 3.5%, | 2.8% 10-8) 2.4% 10-8 
x 10- 
30| CO, ee 0.3346] 0.2318} 0.1688] 0.1257 
CaCl, .... — 
Ca(HCO;)...| — 0.1615] — 0.1660] — 
Ca(H,P0.), a = se 15.4 ES 
(25 °C) 
40| Cal, — | 482.5 | 194.4 | 208.6 | 222.5 
41| Ca(1O5)e 6H,0 0.10 | 0.17} — 0.42 
42| Ca(10s)> H,0 = = ae ae 
43| Ca(NOz)q 4H,0 | 62.4 = 76.7 = 
44| Ca(NOs)s 2H,0 = es _ 
45| Ca(NOs)s 4H,0 | 402.1 | 145.3 | 129.3 | 152.6 
46 Ca(NO3)o 3H,O == aa ra? == 
47| Ca(NOs)s at = = = = 
48| Ca(OH). a 0.185 | 0.176] 0.165} 0.453 
49| CaSO, 2H,0 = —  14.3x10-3) 
50] CaSO, 2H,0 0.1759] 0.1928| 0.2036] 0.209 
4H,0 | 56.2 | 75.4 | 98.8 | 128.8 
52] CdCl, 21/5H,0| 90.01 | 122.8 ae = 
53| CdCl, H,0 1435.4 | 134.5 = 
54| Cdl, ae 79.8 | 83.2 | 86.2 | 89.7 
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Table 8 (continued) 
ture, °C 
40 50 60 70 | 80 | 90 


100 g of water at a given temperature, g 


104.2 — 141.9 — 1205.8 _ 
14.2 17.4 20.3 23.6 27.0 30.6 
8.22 13.12 | 20.94 35.6 101.4 — 
_ _ _- _ 4x 10-4 _ 
3X 10-2 | 3.38x10-2)  — = _ _~ 
_ 58.6 64.0 — _ — 
46.7 — 55.5 62 _ 83 


2.4 10-3] 4.8x 10-9) 1.5x 1.3X 1.0xX | 6x40-4 
x410-3 | 10-3 | x10-8 
0.0973} 0.0761} 0.0576) — - 


68.1 73.5 2s a 
33.2 | 32.8 | 32.7 | 33.0 | 33.5 


4.4X10-3| 3.8% 10-3 


= — |ige.8 441.7 [147.0 | 152.7 
0.1705] — “17501 = =| Od ce 
242.4 — — |284.5 — 1354.6 2 
0161 | 0.90 | 1.38 a = = 
052 | 0159 | 0.65 — | 0.80 = 
7 — {432.5 | 454.9 — 1244.8 
196.0 ai = ae = on 
237.5 | 281.5 = - = ies 
s a As — {358.7 = 
0.1411 0.128 | 0.116] 0.106 | 0.094] 0.085] 0 
6.3%10-3] aT ais | alix | 27x | 4 
x 10-3 | x40-3 | x 10-3 
0.2097 — 0.2047| “0.1974| 0.1966 | — 
151.9 — 152.9 — (455.4 = 
135.3 — 1136.5 — (140.5 a 
93:8 | 97.4 |100:4 [410.0 ia = 


Tempera 


Formula S. Ph. 0 | 10 | 20 30 

z Solubility of an anhydrous substance in 
56| Cd(NOs)> 4H,0 ae — | 153 = 

57] Cd(NOs)s = i = 

58| CdSO, */5H,0 | 75.4 | 76.1 = 77.7 
59] CdSO, He = a hs a 


60)Ce(N H,).(NO3)g — _ _— 129.3 153.8 
61] CeNH,(SO,). | 4H,O Ba = 5.33 fe 

62! Ce,(SO4); . . | 9H,0 20.98 = 10.08 6.79 
63] Ce,(SO,4), . . | 8H,0 16.96 ae 9.52 fis 

64] Ce,(SO,), . . | 5H,O ae = i = 

65 Ce,(SO,4)3 oe 4H,O =<. aca) ——) 


1.46 | 0.980 0.716 | 0.562 | 


67| CoCl, . .. .| 6H,0 | 43.5 | 47.7 | 52.9 | 59.7 
68 CoC), . . 2H,O = —s — —, 

69| Col, 6H.o =| 138.1 | 159.7 | 187.4 | 233.3 
70} Co(105)e 2H,0 = = 0.45 | 0.52 
71] Co(NOa)e BH,O | 84.05 — | 400:0 | 11424 
72| Co(NO as = = a 

73 Coin’)? on hae 0.076} 0.24} 0.40 | 0.60 
14| CoSO,. . .| 7H,0 | 25.5 er . |. 36.8 a 

75| CoSO, . . .| 6H,0 a = a = 

76 CoSO, 7 8 8 H,0 ome == -- 


78| CsAl(SO,4). ‘| 12H,0 0.34 = 0.46 = 

79| CsCl... | — 61.4 | 174.7 | 186.5 | 197.3 

go] CsClO, . . «| — 2.46 3.8 6.2 9.5 

81| CsClO, . . es 0.8 1.0 1.6 2.6 

g2|CsF ....|1/,H,O| — — | 366.6 = 
(18 °C) 

83] Cs10,. .. .]  — 2s = 2. zs 
(24°C) 

84] CsIO, . = a 215) — = 

(15 °C) 
85] CsNO, ...]) — 9.33 | 14.9 | 23.0 33.9 
86] CsSOH. . = a 79.414) — 75.18 
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Table 8 (continued) 


ture, °C 
40 50 | 60 70 | 80 | 90 | 


100 g of water at a given temperature, ¢ An 
= = = = = ~ — [55 
199 = 7 7 = ~— | 56 
= — 619 _— 646 _ 682 57 
78 .6 — _ — = _ — 58 
aa 77.4 — 70.3 67.6 64.5 58.4 59 
JU ae ea We te ee 
183.0 = 196.5 _ 219.6 _ at 60 
3.29 — — _ — 41.05 _— 64 
— 4.67 3.88 _ -_ _ — 62 
5.95 4.04 _ = = = 63 
ae east 3.25 _ 1.20 _ 0.46 64 
6.05 3.42 2.35 _ 1.04 _ 0.41 65 
| 0.454 | 0.386 | 0.324 | 0.274 | 0.249 | 0.125 | 0 | 66 
9.5 = = -~ — — — | 67 
wes 88.7 93.8 95.3 97.6 101.2 106.2 68 
300.0 376.4 —_ _ 400.0 _— _— 69 
ss 0.67 _ — _ _ 1.33 | 70 
126.8 _— = = me _ _ 71 
ae = 167.4 184.8 220.5 334.8 _ 72 
0.84 _ _ = _ a = 73 
49.9 — — = eee = [oe 
ee — 55.0 — _ _ — 75 
= — 73.8 — 83.9 76 


0.89 = 2.00 = 5.49 — | 42.54 
208.0 | 248.3 |229.7 |239.5 250.0 |260.1 270.5 
13.8 19.4 | 26.2 | 34.7 | 45.0 | 58.0 | 79.0 
4.0 7.3 9:8 | 14.4 | 20.5 | 30.0 
a —  |460 = a Hs as 
47.2 64.4 | 83.8 |107.0 }434.0 |463.0 197.0 
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Tempera 


Formula S. Ph. 0 10 | 20 | 30 
2 ~~ Solubility of an anhydrous substance in 
87| Cs,PtC], .. _ 4.7X10-3] 6.4K |8.6K10-5} 11.9x 

x 10-3 x 10-3 

88] Cs,5SO, ... — 167.1 173.4 178.7 184.4 
89] CuBr, 4H,O0 | 107.5 | 1416.0 | 126.8 | 127.7 
91] CuCl, . . . .| 2H,0 = a 72.7 77.3 
92| Cul, .... _ _ _ 1.107 — 
93) Cu(I0,), 5 = = 0.153} — 
94| Cu(NH,)oCl, | 2H,O0 | 28.24 — | 35.05 a 
95] Cu(NOs), 6H,O | 81.8 | 100.0 | 124.8 | 154.4 
96| Cu(NO;), . .| 3H,0 = — — — 
97/ CuSO, . . .| 5H,O | 14.3 17.4 | 20.7 | 25.0 
98] FeBr,. . . . | 6H,0 102.4 _ 115.0 122.3 
99] FeCl, . . . .| 4He ae 64.5 = 73.0 
100] FeCl, 2H,0 = — 


91.9 | 106.8 


eo 8 8 ee 
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Table 8 (continued) 


ture, °C 
40 | so | so | zo | 80 | 90 |  t00 


100 g of water at a given temperature, g 


No. 


15.8x 24.2x | 29.0x | 38.9X | 52.5x | 67.5% | 91.5X | 87 
«10-3 | x410-3 | x410-8 | x40-3 | x10-8 | 10-3 | 10-8 
189.9 494.9 |199.9 ]205.0 [210.3 [214.9 [220.3 88 


— | 134.4 = = _ = — |2 
s0.8 | e42 |87.6 | 92.3 | 96.1 |403.6 [110.0 | 94 
= is = ae = = ~ | 92 
= = a = = — | 0.65 | 93 
43.82 — |sesr | — |7e56 | — = | 4 
163.1 71g 191.8 |194.1 [207.8 |222.5 247.3 | 96 
Sere emg gs .(400". | ATE bo 64.2 | 75.4 | 97 
128.3 _ [443.9 —  |ts9.7 — li77.8 | 98 
"7 — {40020 = eee 
eS | RS = = ~ |405.3 [105.8  |400 
a = = = = a = feos 
a zs = = = — toa 
a Veneer iz — {525.0 — |s36.9 [403 
~  |t66.6 a > a = |t04 
02 ne ~ | 50.9 | 43.6 | 37.3 — 06 
1.178x | 1.021x |0.790x | 0.461x | 0 — [107 

| ait Beye %410-4 | x40-4 | x 40-4 | x 10-4 


g.72 | 414.54 | 44.81 | 18.62 | 23.62 30.38 | 40.3  |108 


— | 174.3 — = a — |130:0 {109 
21.5 31.4 | 44.3 | 65.0 | 84.5 |119.8 ~~ |t40 
16.1 24:4 135.9 | 51.4 | 70.9 — l424.3 0 444 

176.2 | 4195.0 248.5 |244.8 [273.2 — {344.4 |142 
see = — = = = — |113 
246 244 278 — |374 — 1526 114 

0.56 0.78 | 1.46 |. — 2.71 = 5.88 445 

0.42 0.64 | 0.90 | 1.39 | 2.26 | 3.89 | 8.42 |116 
63.3 59.6 | 56.4 as = = — |447 

280.2 — [314.9 — [360.8 — (420.8 [118 


Tempera 
Formula 8. Ph. 0 | 10 20 30 
2 Solubility of an anhydrous substance in 
119] H.S = 0.699 | 0.502} 0.378 | 0.294 
120| H,SeO; = 90.1 | 122.3 | 4166.6 | 235.6 
121] H,SeO, H.O 426.3 — | 566.6 ss 
122} H,SeO, = — — a 132.5 
123| H,TeO, 6H,O 46.17 | 35.52 a = 
124| H,TeO, 2H,0 a 33.85 ees 50.05 
125| HgBr, = 0.3 0.4 0.55 0.65 
126] Hg(CN), = 9.3 ee = 
(13.5 °C) 
127| HgCl, . . = 4.3 5.6 6.6 8.3 
128] Hg,Cle "| —  |4.4x40-4 — | 2x40-4 | 7x 40-4 
19911, ..... a 1.62x | 4.9x |2.9x10-21 4.0 10-2 
x410-2 | x40-2 
130] K Al(SO,) 42H,0 3.0 4.0 5.9 8.4 
131] KAuBr,. . -| 2H,0 = 18.3 = a 
(45 °C) 
132] KAuC, 2H,0 = 38.3 6 3 94.9 
133] K BeF, = = ae = 
tal KBr ss 53.5 | 59.5 | 65.5 | 70.6 
135| KBrO; a 3.4 4.8 6.9 9.5 
136| KC,H,0, 11/,H,0 | 246.7 | 233.9 | 255.6 | 283.8 
137 KCH04 1/,H, os = a a 
i areal Iiaeee ene 
42/,H,0 | 105. : 7 
1a0l CG, HO | 20.3 | 23.7 | 26.4 | 28.6 
ia} Kel. ... - es 27.6 31.0 | 34.0 37.0 
1421 KC1O, — 3.3 5.0 7.4 10.5 
143| KCl, is 0.75 4:05 | 4.80 2:6 
444] K,CrO, = 58.2 60.0 | 61.7 63.4 
445| KeCr_0y . = 5.0 8.5 13.4 18.2 
446] KCr(SO 42H,O ep ia : s 
r(SO4)2 3 (25°C) 
1447) KF... .. 4H,0 44,72 | 53.55 = = 
148) KF ..... 2H,0 = ia 94.93 | 108.4 
149]KF..... 2 a = = ate 
150| K,Fe(CN), — |~30 36.6 | 42.9 ai 
1511 K,Fe(CN), | 3H,0 14.9 21.2 | 28.9 36.8 
152| KHCO at 22.6 27.7. | 33.3 39.4 


ture, °C 
40 


100 g of water at a given temperature, g 


0.232 


344.4 
1718 
57.19 
0.94 


9.9 


| 5.6X10-2 


50 


0.186 | 0.146 
380.7 [383.0 
2753 00 
— | 977.54 
1.27 | 1.68 
44.4 | 44.9 
7.8x10-2| 10.6x 
x 10-2 
17.0 | 24.8 
233 «(405 
30.2 | 85.4 
17.5 | 22.7 
337.3 1350.0 
84 = 
421.3 [126.8 
33.0 | 35.4 
42.6 | 45.5 
19:3. | 25.9 
65 | 9.0 
66.8 | 68.6 
37.0 | 50.5 
— — |ag2.2 
— 174.0 
— 1 55:9 
52.0 | 60.0 


| 60 


| 70 


on 
x 
lel II i 


| 80 


be 
lo}|lmllloso 


x 
to 


28 ee 
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Table 8 (continued) 


a 
for) 
noe 


x 
&~ 


lol Id | 


4.9 
53.85 


63.6 


no 
se 
| | col 


= 
on 
on 


lommmuon 


“100 


af 
lool | | 


0.000 |119 
— 420 


121 
122 
123 
124 


125 
126 


127 


86 


176 


Tempera 


Formula S. Ph. 0 | 10 20 30 
Solubility of an anhydrous substance in 
KH,(C,0,), | 2H,0 4.27 = = 4.29 
H406 = 0.32 0.40] 0.53 | 0.90 
KHC,H,0, = a — | 40 ee 
(hydrophtha- 
late) 
HF, _— 24.53 30.10 39.18 
KH,PO, _— 14.8 18.4 22.6 _ 
KHSO, — 36.3 _ 51.4 
| ercaen renner _ 127.5 136 144 152 
KIO; _— 4.73 — 8.13 11.73 
KIO, = 0.17 _ 0.42 _ 
KMn0, = 2.83 4.4 | 6.4 9.0 
KNO, . — | 278.8 — | 298.4 ae 
KNO, . _ 13.3 20.9 31.6 45.8 
KNaC,H,O, | 4H,o | 28.4 | 40.6 | 54.8 | 76.4 
OH . 2H,0 97 103 412 126 
KOH HO = Ke ee i= 
K,PtCl, — 0.74 0.90 4.12 1.44 
KSCN — 177 196 247.5 255 
K,SO; _ 106.2 106.6 106.0 =< 
K,SO, = 7.35 9.22 41.44 12.97 
K18:0s - 28.4 36.2 | 44.7 ees 
i _ 1.8 2.7 4.7 7.7 
KSL0G, 1,0, 1H, | — 5.3 | 8.0 | 12.2 
K,SiF, ..-] — — — 0.42 | — 
La,(SO,4)s eo. | 9H,O0 | 3.0 | —S | aa | 1 9 
LiBr 2H,0 143 166 177 194 
LiBr H,O _ _ _ — 
Li,CO, _ 1.54 1.43 1.33 1.25 
Licl H,0 67 72 78.5 | 84.5 
LIF 3 sew _ _ _ 0.26 — 
(18 °C) 
Lil. ¢ wc « 3H,0 154 157 165 47 
Tile es sec'ess H,0 = = = ay 
LiNO, 3H,0 | 53.4 61.0 | 74.5 | 132.5 
LiNOs Ui,0° |\°_ = Se ase 
LiNO, ass = = = = 
LiOH H,O 12.7 12.7 12.8 12.9 
Li,SO, H,0 35.3 35.0 | 34.2 | 33.5 


87 


Table 8 (continued) 


ture, °C 

40 50 | 4 | so | so | 7 | 8 | 9% | t00_ 60 | 70 | 80 | 90 | 100 
100 ___100 ¢ of water at a given temp of water at a given temperature, g z 
_ _ 12.0 _ _ _ 66.7 153 
1.3 1.8 2.5 — 4.6 _ 7.0 154 
~ — = — — — [33 = {155 
156 
56.37 — | 78.83 414.0 = — 457 
33.5 —_ 50 _ 70.4 83.5 _ 158 
67.3 — — = — {121.6 459 
160 168 176 184 ‘192 200 {208 ~— 4#eo 
12.8 — | 18.5 — | 24.8 — | 32.2 |r64 
0.93 — 2 - _ 4.44 _ 7.87 1462 
12.56 16.89 22 _ = > = 163 
334.8 — 350 _— 376 — 412.9 164 
63.9 | 95.5 [110.0 (138 [169 {202 [240 {165 
ae eee es Wes sce 

rom — = a — a 6 

4 147 —_ 160 —_ |178 168 
3 76 14047 2.64 3.19 3.79 4.45 5.18 469 
290 325 372 420 488 575 674 470 
pe eae: lo ee legate 
ae AT 19. . : : 172 
rete eee Ly — {106.6 | 119.3 =. as 
te = s 2 = ze Wngg [tA 
(18 °C) 175 

0. (i eam aie Pree pened ace ME = ( = 0.46 _ 0.954 
bt eee Pe sae eee << 2 | = | = | = | = ae eh ee eo) Wee: ie 0.69 176 
=, ae —_ _ _— 177 
214 224 — 245 _ 226 178 
14 17 1.08 4.01 — 0.85 _ 0.72 (179 
90.5 97 103 —_ 115 _ 127.5 180 
—_ _ _ _ = _ _ 181 
179 187 202 230 — _— _— 182 
i — — _— 435 _— 484 183 
_ = — _ — _ 184 
145.1 156.4 174.8 _ _— _ —_— 185 
a = _ 4 - _ _ 186 
13 13.3 13.8 _ 15.3 _— 17.5 187 
32.8 32.5 31.9 _ 30.7 _ 29.9 488 
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Tempera 

Formula 8. Ph. 0 10 20 9 | so | 2 | 30 | 30 
z ee a oe oh Oe OP a aud rots SUnstance n=. of an anhydrous substance in 
189) MgBr, .. .| 6H,O 91.0 94.5 | 96.5 
190 Men? . .. .| 6H,O 52.8 53.5 54.5 _— 
194 8H,0 | 120.8 — | 139.8 = 
192 MENH ASO,” 6H, — |3.8xto-] — 
193] MgNH,PO, 6H,O (2. 3x10- 2] 5210-2] — 
194 Mg(NOs)s . . | 6HLO 2.6 = 70.4 74.8 
195] MgSO, .. .| 7H, 30.9 | 35.5 40.8 
196] MgSO, 6H,0 40.8 42.3 | 44.5 45.4 
197) MgSO, H, us ae 
198} MnBr, .. .| 4H,O 427.3 135.8 146.9 157.0 
199 MnBr, .. .| 2H,O 
200] MnCl, : ; .| 4H,0 63. 4 68.4 73. 9 | 80. ).7 
204) MnCl, 2H,O 
202| Mn(H,BO,), | H,0 = ; 9,49 = 
203| Mn(NO,), . . | 6H,O | 102.0 (7.9) | 442.8 
204] Mn(NO,), . . | 3H,O = 206.5 
205} MnSO, .. .| 7H,O 53. 3.23 60. 01 _— 
206| MnSOq 5H,0 es 59.5 | 62.9 | 67.76 
207; MnSO, 4H,O _ _ oe 5 oe 4 
208] MnSO, H,0 = — 
amon, ...f[ — | - | - | 0.138 | 0.264 | 
molNH, ....] — | 89.7 | 68.3 | 52.9 | 40.9 | 


211] NH,AI(SO,), | 12H,0 | 2.72 | 4.81) 7-47 | 40.40 
212] NH,Br = | 60.6 «| 68 75.5 | 83.2 
213 cnt J2C20, | | HO 2.4 3.2 | 4.5 6.0 
2141 NH,Cl 29.4 33.3 | 37.2 | 44.4 
ats] NE *clo,** . 11.56 | — | 20.85 | — 
216| (NH«)sCo(SOg)o 6H,0 6.0 9.5 | 13.0 | 17.0 
247| (NH4),CrO, 25.04 — | 32/96 | 40.4 
218] (NH,),Cr,0 = 18.26 | — | 35.6 | 46.5 
219] NH,Cr(SQ4), | 12H,0 | 3.9 S = 11.9 


(violet) 


*3. Ph. with 6H20. 
*# For NH«ClO4, solubility is expressed in g of anhydrous NH4C1lO4q contained 
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Table § (continued) 


ture, °C 
| 40 50 | 60 | 70 | 80 90 | 100 
100 g of water at a given temperature, g z 
101.6 104.1 107.5 — 113.7 — {120.2 {189 
57.5 _ 61.0 — 66.0 — | 73.0 {190 
173.2 — _ _ 185.7* — — 194 
ee = = = eae _ _ 
4x10-2 — 4x10-° _— 1.9X10- _ _— 938 
78.9 84.5 91.2 — 106.2 138.4 — be 
45.6 — _ = = = cs 
0 59.5 64.2 68.9 | 73.9 196 
ae sas _ 62.9 — | 68.3 {197 


on 
ou 


14,29 19.4 26.8 37.7 53.9 
91.4 99:2 |107.8 |116.8 126.0 
8.2 10.7 = sa a 
45.8 50.4 | 55.2 60.2 65.6 
30.58 = 39.05 _ 48.19 
22.0 27.0 | 33.5 40.0 49.0 
—_ 51.87 om 81.83 ea 
(75 °C) 
58.5 71.4 | 86.0 = 415.0 
18.3 a as _ Ba 


in 100 ml of a Saturated solution. 


2.106 | 
6.5 | 3.0 | 0.0 [210 


— 206 
0 


ioe) 
cS 


Js | = [209 


98.2 [120.7 |211 
435.6 |145.6 1242 
_ — {243 
71.3 | 77.3 1244 
— | 57.01 |245 
_ — {216 
_ — {217 
— |155.6 {248 
_ — {249 
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Tempera 
; Formula 8. Ph. 0 10 | 20 30 
z Solubility of an anhydrous substance in 
220 NH4Cr(S0,), 12H,0 3.9 Ee = 19.0 
224 Nu, r = 50 74 = 
222 (NHa),F (S04); 6H,0 17.8 i 26.9 a 
293 He Fe(S0,)2, 42H,O = en Ee 
224 ss 44.9 15.8 | 24 27 
225 NH PO, — |474 190 — | 260 
(14.5 °C) 
226] NH,H,PO,..] — 22.7 = 36.8 = 
297 (NH sHPO, = 42.9 57.5 | 68.6 = 
298 | — | 454.2 | 163.2 | 472.3 | 181.4 
299 NHLLI80, - = 55.24] — 55.94 
230 | — | 418.3 — | 4192.0 | 241.8 
234 (NH) PiCle = a 0.7 = me 
230/ NH,SCN . .| — | 449.8 | 143.9 | 470.2 | 207.7 
233 (NH 80, = 70.6 73.0 | 75.4 78.0 
2341 (NH,)oS zs 58.2 ets _ os 
235 NH sts! 4H,0 | 71.2 — | 91.2 | 119.8 
236] (NH,4),Se0, al a 4.22 = ae 
(12 °C) 
237| (NH,)>SiF, = = = 18.6 = 
238 NH,VO, . cease as pares esa 4.8 8 4 
9.84 7.57X | 6.18x | 5.17 
x 10-3 | x 10-3} x 10-3 | x 10-3 
= 0.171] 0.421] — 
1.3 1.6 2.7 3.9 
79.5 a 90.5 97.6 
27.5 = 34.5 = 
36.3 40.8 | 46.5 54.5 
ee = — | 196 
7 42.5 | 24.5 38.8 
= a ee 50.5 
_ 3.7 Es 
35.7 35.8 | 36.0 36.3 
29.4 36.4 | 53.4 | 100.0 
79 89 104 143 
467 — | 184 ae 


ture, °C 
40 so | 60 | 70 | 80 


100 g of water at a given temperature, g 


32.8 = = = = 
~ — i = = 
38.5 _— 53.4 — | 73.0 
36.6 _ = z =: 
56.7 a 82.9 ie 120.7 
81.8 — | 97.6 5. 
190.5 499.6 |208.9 |218.7 |228.8 
56.24 — 56.70 
297.0 | 344.0 [421.0 | 499.0 580.0 
— 235” — [347 = 
81.0 = 88.0 ae 95.3 
13.2 17.8 — | 30.5 = 


5 | 20.3 = 

oe = coae ee 

108-8") 116-0 a ~ |it8.2 
50.2 62.5 ce 
65.5 | 83 (13 a 

129°3 |434 [139.5 |146 153 
48.5 — 146.4 | 46.2 | 45.8 
36.6 37.3 | 37.8 | 38.4 

410.5 © 


455 172 189 
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Table 8 (continued) 


| 
| 
be 
i) 
=) 


Pld 
CS 
(=) 
o 
be 
iS 
(s 


x 
& 
=) 

| PlIT TT bolt tt 


wn 
= 
— 

SS wB 
| ow! won| 
S) 

a» 
rs 


wo & 
SO SN 
ol wl 
i 
an 
cn | 
ww 
Crete 
mOo 


(baal 
| 
db 
p32) 
on 


92 


Formula 


Na,CrO, 
Na,CrO, 
Na,CrO, 
Na,Cr,0, 
a,C,0, 
NaF . 


Na,Fe(CN), 


10H,0 
4H,0 


2H,0 


10H,0 
12H,O 


0 | 10 20 | 30 


31.70 | 50.17] 88.7 a 
eo ms a 88.7 
163.0 | 170.2 | 180.1 | 196.7 
3.53 4.01| 4.47 | 4.20 
(15 °C) 
= es || Ageg om 
5.9 16.4 | 33.9 | 49.3 
6.9 g15] 9.6 | 414.4 
57.9 69.9 | 85.2 | 106.5 
1.67 3.6 | 7.7 | 20.8 
158.7 | 168.6 | 178.7 | 4190.3 
2.5 46 | 9.0 | 44.0 


for] 
ie 
~_ 


Tempera 


Solubility of an anhydrous substance in 
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Table 8 (continued) 


ture, °C 
40 50 | 60 | 70 | 80 | 90 | 100 
100 g of water at a given temperature, g z 
re Fie Wao Ieee Wie Wh cee Ne olla 
95, A 414.6 = _ — — 
oe i Be 23.4 [124.8 — 126.2 259 
2 : 323.8 385.4 = — {260 
se aa8i4 Bed as s — {431.9 |264 
4.40 4.55 | 4.68 = 4.89 — 5.08 262 
30 _ = — | 59 — | 63 263 
69.5 99.4 |144 184 186 189 198 264 
12.7 44.45 16.4 Decomposes 265 
138.2 as ia a = =e — 266 
— 158.6 = — _ eee 267 
_ {479.3 1490.3 207.3 | 225.3 6 |268 
= =: wh = _ — 269 
= = - a ES 
51.8 = = — 
92.4 |102.9 — (274 
Be 80.2 | 82.9 | 88.4 a  lto2.2 — f272 
= a _ = = — (273 
205.0 227.8 256.8 5 i aa ee a i 
= = a at. «(87 
3.3 | 16.3 [19-8 | 23-5 | oF | o9 5 | 33.0  |o76 
~ ~. S = = = |es8 bre 
- 70.7 = zs ‘5 — 163.4 |279 
98.4 | 404.4 — — [182.5 
104 114 124 — = f148 = ee ne 
7 "e — = eA = — {282 
ade oe os 299 313.7 — 1347 283 
43.50 | 17.45 | 24.83 a | (RO Ih. See eee eee 
85 | ae | aoa | 49.01 | 49.45 | 57.28 | — 287 
-” a 3 — | 29.0 — | 26.6 |289 
a0 _ oe = = = — 4290 
se am a = = = — {294 
48.8 46.7 | 45.3 | 44.4 | 43.7 42.9 | 42.5 |292 
102.6 fae es — = = — 293 
= —  |206.6 _ _ _ — 1294 
e _ ps — {245 — 266 295 
= = = mi = = — 1296 
71.4 = 79.9 — | 88.7 — 100 297 


Tempera 
; Formula S. Ph. 0 10 | 20 30 
z Solubility of an anhydrous Substance in 
299| Na,SeOQ, ..| — = < i = 
300] Na,SiF,. . . _ 0.43 _ 0.73 _ 
301] NavO, .. .|  — a _ — — 
302] Na,WO, . .| 10H,O | 57.58 a = = 
303] Na,WO, ..|2H,0 | 71.64 ee ee = 
304| Ndq(SOq)s « | 8H,0 | 9.6 | = | 7A | 5.3 | 
305] NiBr,. . . .| 3H,O | 112.8 | 122.3 | 130.9 | 138.4 
306) NiCl, 6H,O 51.7 _ 55.3 _ 
307| NiCl, 4H,0 = = = a 
308] NiCl, 2H,0 os ae = = 
309} Nil, — 124.3 135.3 | 148.4 164.4 
310| Ni(NH,)9(SO,)e 6H,0 = 3.2 | 5.9 7.8 
311] Ni(NOs),..| 6H,O | 79.58 — | 96.32 2 
312| Ni(NOs), . .| 4H,O an = = a2 
313 Ni(NOs)e . . 2H,O peel aren! _— — 
314) NiSO, . .| 7H,O 27.22 32 _— 42.46 
315 NiSO, . . .| 6H,0 _ _ _ a 
3160, ..... _— 6.948 X | 5.370] 4.339 x | 3.508 x 
x 10-8 | x 10-8 |] x 10-3 | x 10-8 
BIT OS a aud whe ss 3.9 2.9 24x 17x 10-4 
x 10-3 | x 10-8] x 10-8 
318) PbBr. _ 0.4554 — 0.85 4.45 
319| Pb(C,H,0,), | 3H,0 — 45.6 | 55.0 = 
(15 °C) | (25 °C) 
320] PbCl,... . _ 0.6728 _— 0.99 1.20 
324] PbCrO, .. . — _— — 4.3X _ 
x 10-6 
3221 PhI, ....| — | 4.42 — | 68x | 9.0 
x 10-3 x 10-2 | & 10-2 
323] Pb(NOs), --| — 38.8 48.3 | 56.5 66 
324, PbSOQ, ... — 2.8X 3.5X 44 4.9 
x 10-3 | x 10-3 | x 10-8 | x 10-8 
325 RbAL(SOy)s 12H,0 | 0.72 er 2.59 ie 
326] RbCl De — 77.0 84.4 91.1 97.6 
327 RbCIO, Bien _ 2.14 — 5.4 8.0 
328) RbClO,.. ..|  — 0.5 0.6 1.0 4.5 
329) RbNO, _ 49.5 33.0 53.3 81.3 
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Table 8 (continued) 


ture, °C 
| 40 50 | 60 | 70 | 80 | 90 | 100 ; 
100 g of water at a given temperature, ¢ Pa 
_ 80.15 — _ _ _ 72.83 {299 
1.03 — — = 1.86 — 2.46 [300 
26.23 —_ 32.97 36.9 _ _ — 301 
_— _ a — — _ — |302 
77.9 = on = 91.2 _ 97.2 {303 
| 4.4 | 3.3 | 2.8 | 25 | - | 1.2 | 4.2 foo 
144.5 150.0 452.5 _ 153.8 — 155.4 
72.5 = 0.5 _ fos = — 307 
i ae eae ice a ae ae one 
174.0 183.2 184.1 185.7 187. 2 — 
11.5 14.4 17.0 49.8 25.5 _ _ 310, 
eS aa ea | eee 2 ee 
—_ a 177. _ = _ 
= = Age = _— 235.2 _— 313 
— aa am _ _— — _— 314 
— 50.15 | 54.80 | 59.44 | 63.17 — | 76.7 1345 
3.084 2.274 X| 1.857 X 4.381 X| 7.87 0 316 
x 10-2 50-8 x 10-3] x 10-8 | x 10-8} x 10-4 
4X 10-4] 1x 10-4) 0 — == a3 — |347 
att 
— 3.34 — 4.75 [318 
tee ce a8 — — — 200 319 
1. 4.98 —_ 2.62 3.34 {320 
ee ae ee ee “(pod 
12.5x 16.4 ]|19.7X — 30.2 X —_— 43.6 X |322 
x 10-2 | x 10-2 | x 10-3 x 10-2 x 10- 
75 85 95 _ 115 — 138.8 323 
5.6X —_ _ _— _ _— _— 324 
x 10-3 
seo en Ne tN le es 
3.52 = 7.39 —_ 43.25 — 69 325 
103.5 109.3 115.5 121.4 127.2 133.1 138.9 326 
_ 4 _ 62.8 {327 


5.98 — rer: _ . 
: 3.5 4.85 6.72 9.2 12.7 18 328 
116.7 155.6  |200 254 309 375 452 329 
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Tempera 
Formula S. Ph. 0 10 20 30 | 
z Solubility of an anhydrous substance in 
330] Rb,PtCl, ..}| — | 13.7x | 20.0x | 28.2x | 39.7> 
x 10-3 | xk 10-3 | x 10-3 | x 10-3 
331] Rb,SO,.. . — 36.4 42.6 48.2 53.5 


6H,O | 85.2 93.0 | 102.4 
4H,0 | 36.9 43.61| — 
/qH1,0 


6 
0 


42.95 | 41.6 


1 pay 
6 43.5 47.7 52.9 
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Table 8 (continued) 


ture, °C 
40 50 | 60 | 70 | 80 | oo | 100 : 
100 g of water at a given temperature, ¢ z 
56.5 X —_ 99.7 xX —_ 182 X _ 334 x [330 
xX 10-3 x 10-5 x 10-3 x 10-8 
58.5 63.1 67. 4 71.4 75.0 78.7 81.8 4334 
a a SONGS SORSNENSUSSRSI emenEnOmnnnn mmr ne ee 
|». a] 4. 5 | 3.2 | 2.6 | 2.1 | 1.8 | _— [ss2 
a | es | = Bs 


1368.0 ie 0 ie 0 


123.2 | 135.8 [150.0 faa ee 2 Pee ae 
= 37.35 — | 36.24 | 36.10 | 36.24 | 36.4 (340 
65.3 72.4 | 818 | o> | oo5 = boos [se 
191.5 ae ee = P74 |oe50 aes [oad 
= 83.5 97 2 =. io we gue 348 
Od | gas | Sts 53 | 7.03 | 13.6 | 242 [aaa 


Tempera 
Formula S. Ph. 0 10 20 | 30 
z Solubility of an anhydrous substance in 
360) TIOH ... . — 25.44 — _— 39.9 
361) T1,SO, ... — 2.70 3.70 4.87 6.16 
362| T1,SeO,...| — a 213] 2.8 = 


363] UO,(NOz), | 61420 | 98.0 | 108.3 | 125.7 | _ 
364] Yb,(SO4)5 - - | 8,0 | 44.2 | = | 38.4 | = 
365, ZnBr, .. .|2H,0 | 389.0 — | 446.4 | 528.4 
366] ZnBr, |...) — 0 = = we 
367| ZnCl, . . . .| 3H,0__ | 207.7 = = = 
368] ZnCl, | | | .| 2%3H,O| — 271.7 | 367.3 = 
369| ZnCl, . ia = a = as 
370| Zn(CiO,), . | 6H,O | 145.1 | 152.5 = is 

374| Zn(ClOs)» 4H,0 = ~~ | 900.3 | 209.2 
372| Znl, | H,O | 430.7. | 457.3 | 484.9 = 
373] Zul | 429/3 ie xa em 
374| Zn(NOs)» 6H,O | 94.77 — | 118.4 = 
375| Zn(NO,)» 3H,0 as = = = 
376] ZnBO, 7H,0 =| 44.9 aan eee = 
377| ZnSO, 6H,0 = = = = 
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Table 8 (continued) 
ture, °C 
40 50 | go | 70 | 80 | 90 | 100 


100 g of water at a given temperature, ¢ 


49.5 — | 73.8 — f|ios.o |126.1 {148.3 |360 
cS 9.21 | +092 | 12.74 | 14.61 | 16.53 | 18.45 |364 
a i ie 2 logs ~" | 40/86 |362 
sess ee eee Ue ee ele caeM oe Sees ee 
| Es | 203.4 [365.2 | = | 5 | 426 |«zs [363 
es ce (gcc | a (MRC cae | 
| 21.0 | a | 10.4 | 7.22 | 6.92 | 5.83 | 4.67 [s64 
= = 2 = a = — {365 
592.6 — 618.4 — (644.6 — |e72.0 [366 
aes z is oy is _ 1367 
a es a = = — 368 
452.5 — 1488.3 — |s4t.4 — 614.4 {369 
ie = = = Es = ~ {370 
223.4 273.2 _ —_ _— — = 374 
— ie = = = = — 372 
445.2 — — |467.3 — — |490.0 — 510.5 |373 
— = = a = = ~ i374 
206.9 = = = s 7 —  Ia75 
— = = = = = — 376 
70.1 | 77.0 = = = = ~  [aa7 
a = = — |s6.6 | 83.5 |80.8 (378 


T* 
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= . . a Sas e1eq 

g°g6 sulse0A TD ans "+ 219Ng 
20°0 :ToyooTe [Aureos] "cots tigeg 
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Table 10 


Solubility Products of the Chief Sparingly 
Soluble Substances 


The solubility product (SP) of substance Ct,,An,, which breaks 
up into ions according to the equation 


CtpAN, = mCt + nAn 


is SP = act°@An » where act is the activity of cation Ct, and aa, is 
the activity of anion An. The indicator of the solubility product pSP 
is the logarithm of the solubility product taken with an inverse 
sign. 

When calculating the solubility of a sparingly soluble salt in water 
or in a solution of other salts by the value of the solubility product, 
account must be taken of: (1) the reaction of cations being formed with 
the hydroxy] ions of water; (2) the reaction of anions being formed 
with hydrogen ions; (3) the ionic strength of a solution on which the 
activity coefficients depend, and in some cases also (4) the poten- 
tialities of complex-ion formation. The ways of making such calcula- 
tions are described in the textbooks of analytical chemistry. 

In addition, account must be taken of the presence, in the solution, 
of non-dissociated molecules of a dissolved salt whose concentrations are 
found by dividing the SP by the corresponding value of K (Table 38; 
figures marked with an asterisk). 


Formula of substance | SP pSP=—log SP 
ARECOits, oppo we ees 2x 10-24 23.7 
AG(OW)5 424 aww eae ae 1X 40-15 15 
AgsASOy; 2... 2 ee ee eee 4 xX 40-17 17 
AgsAsO, . 2-2 ee ee eee 4X 10-228 22 
NOBOl ko oe ie Be ate 4X 40-2 0.4 
RGBE suk uet eet go 5.3 X 10-18 42.28 
AGBitOg sn fee Oo Mcgee 5.5 X 10-8 4.26 
RECA On erie ow ee ea on 4x 10-3 2.4 

BON Sic ea ee en 4.4 X 410-18 15.84 
Wolo aa ee ae eee 8.2 X 10-22 41.09 
Ag.C.O1.* 6 ese ary ale 3.5 X 10-12 10.46 

BOL soy, Gags oe ced 1.78 X 10-20 9.75 
AgCIOg i go hh aoe a 2x 10-4 3.7 
ABCLO; S. gac sh ooh haces 5.0 x 10-2 1:3 
AGCROL, oon ate Hees 1.4 x 10-22 4495 
Ag,Cr,02) 2 aoe. ac ances es 4 xX 10-20 10 
AgsFe(CN),. 1.2... 4 X 40-23 22 
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Table 10 (continued) 


Formula of substance | SP 


pSP --—log SP 
Ag,Fe(CN),........0. 1.5 x 10-4! 40.82 
AGHTVO(2Ag" HVO%) ... 2x 10-14 13.7 
Gah re Se outie pron Seek alan, ve Ges 8.3 & 10-17 16.08 
A210, Det ed eet & oe 5 3.0 X 10-8 7.52 
AGMDO goo con din eS ana So 1.6 xX 10-3 2.79 
AgoMoO, .........2-2. 2.8 X 10-13 11.55 
AG NG. oo bet de BY a ae 2.9 X 10-® 8.54 
AGNOS oo Ge) ad ae be 1.6 =< 10-4 3.80 
Ag,O(Ag*, OH-) . 2. ees 1.6 X 10-8 7.80 
fone) eat ee Ye EE ae . to ee 
fener PO,F2- 5 7 3.05 
AgsPO, eae aaa meee 19189 
AgReOQ, .......--2: 7.95 xX 10-5 4.10 
AGgO oo a ge ce ee 6.3 X 10-5° 49.20 
AgSCN ........2e885 4.4 xX 10-22 11.97 
Ag,SO, ......2.2.+ +28 1 _ w ia 13.82 
AgSO NH Agt, SO,NH?z) ‘i 4 
AgsSO, ies a . re 5 so ey itate se 1.6 X 10-5 4.80 
AgSeCN .......-+-+:5 4.0 X 10-16 15.40 
AGSEOp. bon aoa he ae 9.0 x 10-28 15.04 
BGO er ocode ts x he OEE 5.6 X 10-8 7.25 
AGVOs 24 5.h yea ees 5 xX 10-7 6.3 
AgoWO, ...- eee eee 5.5 X 10-12 11.26 
AIAsO, .. 2... ee ees 1.6 X 10-16 15.80 
Al(OH),(Al3*, 30H-) ....-. 1X 10°" 32.0 
(AlIOH2+,20H-) ....-- 1x 10- 23.0 
(He OAlOg) c.f okie ea 1.6 X 10-13 12.80 
RIPO ke ong oe ee 5.75 X 10-18 18.24 
Am(OH), ....-- eee 5 2.7 * 10-20 19.57 
Am(OH)g . 20. ee eee 4X 10-56 56 
ABT 50 ge eo'd Soom: Se Aes way eH 5.0 x 10-1? 16.3 
AUB: 65. sce aoe Soe 4.0 X 10-38 35 4 
AuGl ee i ee Es 2.0 x 10-18 12.7 
ANIC Son eb Ala am ae 3.2 x 10-28 24.5, 
A Hi) ge bose ay See es ay 3 = ; 
ee eas ae 1.6 X 10-23 228 
AUT ec ote,  ea e 1 x 10-48 46 
Ba,(AsO,)p . 2 0. ee 7.8 X 10-5 50.44 
BatBrOg}e cc. 3s ee a oe 5.5 x 10-8 5.26 
CON nace genta oe geae an 5.4 xX 10-9 8.29 
BAGO: hac geass, as 1.1 x 10-7 6.96 
Ba@rOygsi.cca ge ee hoe 4.2 x 10-10 9.93 
BaF gy oe s6 hie ce ES 1.1 xX 10-8 5.98 
Ba,Fe(CN), ... 2... 3 x 10-8 7.5 
Ba(lOs\g. (9 oe ss  eoa 1.50 X 10-9 8.82 
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Table 10 (continued) 


pSP—~—log SP 


Formula of substanco 
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Table 10 (continued) 


Formula of substance | pSP=—log SP 
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Formula of subStanco 


109 


Table 10 (continued) 
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Table 10 (continued) 


Formula of Substance | sp pSP=—log SP 
PeCOg “ce Se he 3.47 X 10-12 10.46 
BCGO ge fee von nid ales Bape 2x 10-7 6.7 
Fe,{[Fe(CN)J, ......... 3.0 xX 10-4! 40.52 
Fe(OH),(Fe?*, 20H-). ... . 4 x 10-15 15.0 
FeOH+, OH-) ...... 5 X 10-2° 9.3 
Fe(OH),(Fe3+, 30H-) . .. . . 3.2 X 10-38 37.50 
FeOH?+, 20H-) ..... 2 x 10-26 25.70 
[Fe(OH)f, OH-] ..... 4x 10-1? 16.40 
WOPOs i lye oat ee he 4.30 X 10-22 21.89 
1a ea Re 5 X 10-18 17.3 
FeS,(Fe?*, SF-) . 2... 6.3 X 10-3! 30.2 
C56. ee Es ke ae fee, g 4 xX 10-26 26 
Fe(SeOs)y 1... 0. ee 2 X 10-31 30.7 
Gerlre(e)al; ip Nene 4.5 Xx 10-34 33.82 
BIOH), 28 go cde eo ae 7.1 ive 35.15 
GeO,(Gett, 40H-) . 1... 4 x 10- ; 
oe a gat 3 X 10-38 34.5 
Hf£0(OH),(Hf02+, 20H-) 4X 10- ; 
He,Br, (tag SBR): ue ae aie ae 5.8 X 10-23 22.24 
BoCO,(Hg2t, COR)... 8.9 X 10-17 16.05 
Hg,C,0,(Hgg*, C,07-). . - - - 1 x 10-18 13 
Hg,Cl,(Hg2*, 2Cl-) ...- 4.3 xX 10-2 17.88 
Hg,CrO,(Hg?+, Cr03-) 5.0 x 10-9 8.70 
Hg,I,(Hgjt, 2I-) ....-. - 2 x 10-" 28.35 
Hg,(10,).(Hezt, 2103). ; 
tO eee: HPO) ; 4.0 X 10-19 12.40 
HgO(Hg2t, 20H-). ...-. - 3.0 x hee 25.52 
Hg,O(Hg?+, 20H-) ......- 6 X 10- ; 
Bg ed a ee eh 1.6 x 10-82 51 8 
Hes ss Weal ae eS eal Bea 4.0 X 10-53 52.40 
(red) 

Hg.S(Hg#t, S2-) . we ee 4 xX 10-47 47.0 
He, (SCN), (tied, 28CN-) 3.0 x ion 19.52 
SO,(Hgz+, SOF)... . - - ‘ 

BO tried i) 6.8 X 10-7 6.17 


Hg,SO4(Hgit, SOF)... 


* The solubility products of mercuric salts (with the exception of HgS 
and HgSe) are not given here, since their very small values can give rise to 
incorrect ideas about the correspondingly sparing solubilities of theSe salts. 
In fact, upon a transition of mercuric salts to a solution, a very small 
amount of free {ons (the product of whose concentrations gives the value of 
SP) but a relatively great amount of non-dissociated molecules — Hg(CN)e, 
HgCle, etc. — are formed. 

The degree of dissociation of mercuric salts must be determined accor- 
ding to the constants given in Table 38. 
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Table 10 (continued) 


Formula of substance SP pSP=—log SP 
Hise o: Asweltis oes eh Bie 4 1X 10-59 59.0 
Hg SeO,(Hgt, SeO?-). . . . . 6.3 X 10-15 14.2 
Hg Wolter WO). .... 4.410 x 10-27 16.96 
Indo(CN) eer ee se 1.9 x 10-44 43.72 
at, a a se. 3 x 10-3 2.5 
mony? we eee 5 x 10-34 33.3 
Wg eth Oe aca bass eo Ge 4 xX 10-88 88 
Ir0,(Ir*, 40H-) ......-- 4.6 X 10-72 741.8 
tr404(210, BOS) 205 ww ke 2x 10-48 47.7 
Die ap iy Biri cee citi hein Qo teces 4X 10-75 75 
AIF (GK+, (AlFe Jase es 1.6 X 10-8 8.80 
RB poets ahcate gus of 2x 10-3 2.7 
KBHA(K*, Bl Hay ate ae ee gis x is ae 
C,H + (CgH;)4B 25 x 10- : 
Me HK" (Case he | 4 & 10-2 4.97 
KsCo(NO 3K +, Ces 2)3-) 4.3 X 10-10 9.37 
auo a 
To(NO,)8 I aan 2.2 x 10-11 10.66 
K,GeF, (2K *, Go). + 3.0 xX 10-5 4.52 
Renee, web} 2 gine | bh 
r + C gy) oo, I. 7 F 
po ee, 8.3 x 10-4 3.08 
ie Paci s(2K*, PdCi?-) 1.6 x 10-5 4.9 
K3PdCl,(2K *, PdCl2-) 6.0 x 10-6 5.2 
K;PtCl,(2K+, PtCli-) .. - - - 8 xX 10-3 2.4 
K ePtCl,(2K +, PECIa= jig cg eal 4.4 x 10-5 4.96 
K, oPtF,(2K+, PtF2- Ba) arate 2.9 x 10-5 4.54 
K Re0, PRION ata ae Se 4.9 X 10-3 2.72 
KeSik oa we oe Re aS a x ve ae 
K,TiF, OK*, TIF) od. 6 > x 10- : 
K 7 rR OK ZrF? } Sy neh dy Mss 5 x 10-4 3.3 
La(BrOs), Set Soha eth om. hn, 3 x 10-8 2.5 
L84(C204)s oo gohan ncreses iad 2.5 X 10-2? 26.60 
Pa Os\e eek eo eds Be 6.2 X 10-22 44.24 
Lag(Mo0,), cone reser 4X 10-21 20:4 
B(OH Je. 72, ge ee he 2.0 x 10-29 18.7 
Age ok abe le Ate ain ese 2.0 x 10-13 42.70 
LA (SOp gece vee oe OS 3 x 10-5 4.5 
TQS ota eo tac tas Poe hee 3.98 x 10-8 2.40 
Ds era ete he pagers BPE sino 3.8 x 10-3 2.42 
iO ge te ne i aes aioe eke 4x 10-3 1.4 
LigPOg. vic eg ew eS 3.2 x 107° 8.5 
Mes(ASOa)s Pee Mod, a! Once es 2.4 X 10-20 19.68 
MoCOic) occ eke eck Se 2.1 x 10-5 4.67 
MgC,0, . 8.6 X 10-5 44 
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Table 10 (continued) 


Formula of substance | SP | pSP=—log SP 


se a a rn ee 6.5 x 10-9 8.49 
Mg(10s3)q Be Seat re el & RO 3 x 10-8 2.5 
MgK,Fe(CN),......... 5 Xx 10-9 8.3 
Mg(NH,),Fe(CN), .. 1... 4X 40-8 7.4 
MgNH,PO,...... 2.2 2.5 xX 10-18 12.6 
Mg(OH), ... 1.1.2.0. 6.0 x 10-19 9122 
(freshly-precipitated) 
Mg(OH),(Mg?+, 20H-) .... 4.8 x 10-11 10.74 
(MgOHt, OH-) ...... 2.3 X 10-7 6.64 
(after ageing) 
Mga(PO,), depds Gut ede, ten 4 x 10-13 13 
MeSOs 6 oy) s ag ecko wee 3 x 10-8 2.5 
MgSeQ,.......-.-2-+05 4.30 xX 10-5 4.89 
Mn;(AsO,)3 - 2. ee ee et 4.9 X 10-28 28.72 
MOO ale a he eal hase © 4.8 X 10-12 10.74 
MnG,0,..........-% 5 X 40-8 5.3 
MnFe(CN)g. lll le 7.9 X 10-13 12"10 
MnNH,PO, «oes eS 4 xX 10-12 42 
Mn(0H),(Mn2+, 20H-) 1.9 x 10-28 12.72 
nOHt, OH-)...-- > 1.5 X 10-9 8.82 
Mn(OH)y eee eo eo 1 x 10-36 36 
DSR oy sek Suck etal ac ew 2.5 X 410-20 9.60 
MnSe ee, seoacbid 2.5 x 10-18 12.60 
MnSe0 GE casas Gost he eS 4.26 x 10-7 6.9 
Mo(OH), -fcc. ci besten se os 4X 40-50 50.0 
(NH,)sAIF,(3NH{, AIFS)... | 1.6 X 40-8 2°80 
(NH,)3Co 7 al 3NHt, Co(NO2)e7] ii . nk oe 
Dsltdle soe ee Sa es : 
boo nag’ ae 9 X 10-8 5.05 
Nadie! Cet ak gh ete 4.4 X 10-2 9°39 
Na,BeF, ...- 2. eee eres 7 X 10-8 2.45 
BLOG es ee ee eS 3 X 10-8 2.5 
NaSb(OH),[Na*, Sb(OH)z] 4 X 10-8 74 
Na,SiFg ...- +2 se ees 2.8 X 10- 3.56 
Ni,(ASO.). ee 3.1 X 10-28 2554 
NUON) 6 oe aoe a aS 3 x 10-38 22.5 
Nico b diets fue ne aeBel 4.3 X 10-7 6.87 
NiGsO isis gp dns en wee 4X 10-10 9.4 


* The values of SPyng are given according to A. Ringbom, “Solubili- 


tles of Sulfides” (Report to Analytical Section IUPAC, July, 1953); they 
considerably differ from many of those found earlier, for example for the 
modification of flesh-coloured: 710716 (Bruner, Zawadskl), 1.1%10-15 (Ka- 
puseineky)i for the modification of green colour: 6.2x10-22 (Bruner, Za- 
wadski). 


Formula of substance 


Ni(clo 
Ni,Fe(CN 
vidoes )s(BF,) 
1 
NiiNEs ed) 


Peasor gener 
aa 
POH) (Pb**, 20H-) . 


(PbOH*, OH-) 
HB 


8—1845 
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Table 10 (continued) 
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Table 10 (continued) 


Formula of Substance | SP | pSP=—log SP 
aaa at HN a ea 6.5 X 10-7! 70.2 
Boe ab abt diy cer Pte tae Gh 4 Re 5 xX 10-29 28.3 
Po(S0,), Be he a BPE 2.6 X 10-7 6.58 
(5) ee a 3 X 10-#! 40.5 
PtCl ee fad den he doe ke 8.0 x 10-29 28.1 
Pt(OH), .........0. 1 x 10-35 ss) 
PtO,(PEM, 40H-) ...... 1.6 x 10-7? 71.8 
te tee te St Bi tecae kate ae obs ch 8 x 10-783 72.1 
Pu(OH), Pe ae arte eee 2 Xx 10-20 19.7 
Pu(OH), ..........0. 1 x 10-5? 52 
Pu0,0H(PuOf, OH" ee Sse 8 1x 10-3 3 
Pu0,(OH),(Pud3+ , 2OH-). . 3.2 x 10-2! 20.5 
PUu(TO3) 4. 425. Sk gee eek 5 X 10-15 12.3 
Ral le 2 ieee hee ek 8.8 X 10-10 9.06 
Rat NOs )geran vy ewes GD ele oe 6.2 x 10-3 2.24 
RaSOg ss Seek Seas Sk 4.3 x 10-13 10.37 
ROBE go. ee ewe ew aS 4 x 10-3 3.0 
RbBH,........----. 2.5 x 10-4 3.6 
RDBrO, ss ee ee 2X 10-2 1.7 
RbClO, ......+224. 7 ee x inci es 
Rb;Co ‘NO 3Rb+, Co(NO,)3 48 X 107 8 
1 On Bee er ce ssc aut 3.26 
RbMnO, Dees seein Hoe ee 2.9 x 10-3 2.54 
Rb,PtCl, (2Rbt, PtCl3-) . 9 * 10-8 7.2 
Rb,PtF,(2Rb*, PtF3-) 7.63 X 10-7 6.12 
RbRGQ 4g .csn3) ese ee wae 9.6 X 10-4 3.02 
ea Sante le Boh Gees 5 x 10-7 6.3 
Rb.TiF,s ....- +e eee 5.5 X 10-5 4.26 
Rh,0,(Hth?", 30H-)...... 2 xX 10-48 47.7 
Ru,0,(Ru5t+, 30H-). . ...- - 4 x 10-9 36 
Sb,0,(Sb**, 30H-) .....- 4 x 10-42 41.4 
(SbO+, OII-) - . 2... - 7.9 x 10-18 17.1 
Sb, S, et ee wer’ eile Sone) eh cet tray a) He Ua. Ue 1.6 x 40-95 92.8 
Sc(Olg: cane aoe SG ee 1 x 10-27 27 
SnI, 2. 2 ee ee et ee 1.0 x 10-4 4.0 
Sn(OH),(Sn2*, 2OH7) 3 oe sae 6.3 x 10-7 26.20 
(SnOH+, OH-) ...... 4.6 x 10-15 14.34 
Sn(OH), ...- +--+ ee eee 1 x 10-5? 57 
Sn$) oe ican (ete Soave Ge ae 1 x 10-25 29.0 
Sr (AsOiJp. iis aes: Gus ee 1.3 x 10-18 17.79 
SICOg erase ok tick, BSF 1.4 x 10-10 9.96 
Srey Ope koe yet ica a ne Bek 5.6 x 10-8 7.25 
Sr@rOg 6 ek ck ee 3.6 x 10-5 4.44 
SERS) eg oo 8 eee Ee eS 2.5 x 10-8 8.61 
BrlONe rk wee Gc tes 3.3 x 10-7 6.48 


Formula of Substance 


Pe 
a, ae cee les Wer Ser ley a Ge te ee 
Pe ee 
eee ee ee ee 
Pr 
Pe Oat eee ee ee Oe 
Ce ee ee 
Cr 
a 
re 


a 
Cr 
Cr 


a i 


Cr 
Ce a 
Cr 
Cr 


Cr 


a 


a 


a a 


U0,C,0, 

(UG,)eFC(CN), . 1... 
UO,HAsO,(UO3*, HAs02-) 
UO,HPO,(U03+. HPO3-) 
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Table 10 (continued) 


2x 10-7 
3.2 x 10-4 
4x 40-31 
3 xX 10-3 
4x 10-8 
3.2 x 10-7? 
8.5 xX 10-7 
4.5 x 10-2 
2.2 X 10-10 
3.0 x 10-54 
2.0 x 10-5 
2.5 X 10-15 
3.2 xX 10-45 
2.57 x 10-79 
4 xX 10-8 
4x 10-29 
3.89 x 10-8 
3.89 x 10-4 
4 xX 10-3 
4.7 X 10-4 
4X 10-3 
1.0 x 10-26 
9.8 xX 10-13 
5 X 10-10 
6.5 X 10-8 
3.4 x 10-8 
6.3 X 10-48 
6.7 X 10-8 
4x 10-12 
1.2 x 10-5 
5.0 xX 10-2! 
1.7 x 10-4 
6.3 X 10-4 
4X 10-3 
2.0 x 10-7 
4x 40-5 
4x 410-31 
4X 10-4 
7.0 X 10-14 
3.2 X 10-12 
2.44 X 10-11 
3 x 10-8 
2.5 X 10-23 
7.8 X 10-24 
1.7 X 10-24 


| pSP=—log SP 
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Table 10 (continued) 


Formula of substance | SP pSP=:—log SP 
UO,NH,PO, ......... 4.4 X 10-%7 26.36 
UO.NaAsO, ......... 1.3 x 10-2? 21.87 
U(OH)s .. 2... 1 xX 10-19 19.0 
U(OH), «2... 1 x 10-45 45.0 
uO 2(OH),(UO#* , 20H-) 1x 10-2? 22.0 

fn emt, Aleta tS.4's too 7.4 X 10-23 22.13 
N03 (ver, OH) oe va ge ne 1.6 * 10-15 14.8 
(vO qele Ooo oi be Be eee 8 X 10-25 24.1 
w(O FL) ge a tn oe ey, ON ie ae 4 X 10-50 50.0 
V(OH)y oe aes ee ee 6.3 x 10-25 24,2 
Zn3(AsO,4)o Bog Bene Hoe te Pint Gre 1.07 x 10-2? 26 .97 
Zn(CN)q My Waren ie? Goin es) Abe 2.6 & 10-13 12.59 
ZnCO, nyagate aly eip city “Ai Tata nie? visio ts 1.45 X 10-11 10.84 
ZnG,0,............4., 1.5 x 10-9 8.8 
Zn,Fe(CN), .... 2... 4.4 X* 10-16 15.39 
ZnHg(SCN),[Zn?+, Hg(SCN )2-] 2.2 x 10-7 6.66 
Zn(10, Vos? oot A Dn ee eh ak oc 2.0 x 10-8 7.7 
Zn(OH),(Zn2*, 20H-) Rete gars 7.4 X 10-18 17.15 
(ZnOH+, OH-) ...... 1.8 x 10-13 12.75 
Zn3(POy)n ww ee 9.4 x 10-33 32.04 
SiGe So cs. wis a le See cca, ony 1.6 * 10-24 23.80 
(Sphalerite) 
NSP 4 lack Hla sk ek 2.5 X 10-22 21.60 
(vurcite) 
ZNSO2 es RO ee certs he 1 x 10-3! 31 
ZnSeO,.........-204- 2.57 X 10-7 6.59 
Zr0(OH), ea fhe. Bk Digey ee Be % 2x 10-24 23.7 
Zr(OH), (Zr, 40OH-) ..... 1.4 x 10-8 53.96 
[zZr(OH)8+, 20H-] tse Bi? 3.2 X 10-26 25.50 
Zrg(POg)g 2 - ee ee 1 x 10-132 132 
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Table 12 


Activity Coefficients of Various Ions at High Values 
of the Ionic Strength of a Solution 


(Approximate Values) 


The table has been compiled by L. Meites* according to the Davis 
formula: 
_ log fi _ 0.544 Vit oa 
Zi 14+1.5YVp 
where yp is the ionic strength of a solution, f; is the activity coefficient 


of an ion, Z; is an ion charge (from 4 to 6). A mean value of ion radii 
was taken as an effective ion radius. 


f,; at Z; equal to 


log ty 
uw 7 | 

1 2 3 4 5 0) 
0.05 | 0.076 0.84 | 0.50] 0.21 0.062 0.013 0.0019 
0.1 0.090 0.81 | 0.44 | 0.16 | 0.037 0.0058 | 0.00060 
0.2 0.097 0.80 | 0.44 | 0.14] 0.028 0.0038 | 0.00033 
0.3 0.094 0.81 | 0.42 | 0.14 | 0.032 0.0046 | 0.00043 
0.4 0.086 0.82 | 0.45 | 0.17 | 0.042 0.0072 | 0.00082 
0.5 0.075 0.84] 0.50 | 0.21 | 0.062 0.013 0.0020 
0.6 0.063 0.87 | 0.56 | 0.27 | 0.098 0.027 0.0054 
0.7 0.050 0.89 | 0.63 | 0.36 | 0.16 0.058 0.016 
0.8 0.035 0.92 | 0.72 | 0.48} 0.27 0.13 0.054 
0.9 0.020 0.96 | 0.83 | 0.66] 0.48 0.31 0.19 
1.0 0.0044 | 0.99 | 0.96} 0.91 0.85 0.78 0.69 


*L. Meites, Handbook of Analytical Chemistry, London, 1963, 
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Table 13 


Calibration of Glassware 


Correction A is equal to the difference between 1000 g (mass of 
one litre of water in a vacuum at 4°C) and the mass of one litre of 
water in a vacuum at a temperature indicated in the first column. 

Correction B for weighing in air with the aid of brass weights Ae 
density of brass is 8.4 g/cm®) is calculated with an allowance that 
barometric pressure differs little from the standard one (760 mm Hg) 
and that the relative humidity of air is about 50%. Since with a change 
in barometric pressure by 10 mm Hg the value of B changes on average 
by 14 mg, it is necessary, if pressure deviates greatly from 760 mm, 
to use a more accurate value B’ = B +- (P — 760) 1.4 mg, where P is 
the barometric pressure. 

Correction C for the expansion (or compression) of a vessel depend- 
ing on whether the temperature is above or below the standard one 
(20°C) is calculated according to the mean expansion coefficient of 
glass, equal to 25 xX 10-8, ; 

The last column gives the mass of water in air at experiment 
temperature occupying at 20°C a volumo of one litre. When calibrating 
vessels with a smaller capacity, one should take the corresponding part 
of this mass. 


Tem- Mass of Cor- Cor- Cor- 


era- | 1000 ml of | rec. rec- rec- B+C, as 
ture, water in : tion tlon tion os a _ ahr 

Cc (d- 1000) Ag | Bg Cig 

9 999.81 0.19 | 1.140 | +0.28 1.57 998 .43 
10 999.73 0.27 | 1.09 | +0.25 1.64 998 .39 
41 999 .63 0.37 1.09 | +0.23 1.69 998 .31 
12 999 .52 0.48 | 1.09 | +0.20 1.77 998 .23 
13 999 .40 0.60 | 1.08 | +0.18 1.86 998 .14 
14 999 .27 0.73 1.08 | +0.15 1.96 998 .04 
15 999 .13 0.87 1.07 | +0.13 2.07 997 .93 
16 998 .97 1.03 1.07 | +0.10 2.20 997 .80 
17 998 .80 1.20 | 1.07 | +0.08 2.35 997 .65 
18 998 .62 1.38 | 1.06 | +0.05 2.49 997 .54 
19 998 .43 1.57 | 1.06 | +0.03 2.66 997 .34 
20 998 .23 4.77 | 1.05 0.00 2.82 997 .18 
24 998 .02 1.98 | 1.05 | —0.03 3.00 997 .00 
22 997 .80 2.20 | 1.05 | —0.05 3.20 996 .80 
23 997 .57 2.43 | 1.04 | —0.08 3.39 996 .64 
24 997 .33 2.67 | 1.04 | —0.40 3.64 996 .39 
25 997 .08 2.92 | 1.03 | —0.13 3.82 996.18 
26 996 .82 3.18 | 1.03 | —0.15 | 4.06 995.94 
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Table 13 (continued) 


Mass of Cc - 
1000 ml of 4 C, 1000 — 
water ina OEE - (A+B+C), 
vacuum, g & 

(d- 1000) 


996.55 
996 .27 
995 .98 
995 .68 
995 .37 
995 .06 
994.73 
994.40 
994.06 


CN OT OTE AB BS OD Go 0 
OMONOMDWOAML!, 
RONRGAU MON 
or PF RP PP RP Pe 
woDDD0000 
BGSOp-=awnNw 
OOOO 
WIDE wocwiw 
CROs O13 CO = 1 © 
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Table 14 


Calculation of the Results of Volumetric-Analytical 
Determinations* 


One millilitre of a titrating solution titrates N,E, mg of a sub- 
stance heing determined (NV, is the normality of the titrating solu- 
tion**, Z, is the equivalent weight of the substance being determined 
that is given in the table). If g is the weighed portion of the material 
being analysed in mg and V is the amount of the titrating solution 
nee in titration, then the percentage of substance z being determin- 
e 1S: 


rae VN,EFx-100 
age 
A. Acid-Base Titrations (Acidimetry and Alkalimetry) 


Substances used for titration and the concentrations of their normal 
solutions: 


(a) Acids 
Formula ..... lic] H,SO, IINO, H,C,0,:2H,O 
Concentration of 1N 

solutions (g/l) . . 36.464 49.039 63.0129 63.0333 
(b) Alkalies 
Formula rae rer ee NaOH KOH Ba(OH), -8H,0 
Concentration of 1N solu- 

tions (g/l) ...... 39.9972 56.109 157.74 


Fquivalent 
weight, E log E 


8.99383 | 95 394 


A 

B (titration of H,BO, with phe- 
nolphthalein in the presence of 
mannitol or glycerin) 10.814 03 387 


93 285 
19 794 
34 252 
47 749 
59.0450 77 118 


* M=molecular weight. 


* For the use of the table, see p. 462. 
** In the notation N,, E,, etc., given here and in the following tables, 
symbol s, written as a Subscript, applies to the titrating Solutions, and Symbol 
x applies to the titrates of a substance being determined, 
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Table 14 (continued) 


Substance being determined | — Bente log E 
CaCO gic Noe ote, Seoe Wee D4 4/2 50.045 69 936 
Ca(HCOs)..........08. 1/2 81.057 90 879 
CaO ees. teh wn Bak a ae 1/2 28 .040 44 778 
81 (0) <P 1/2 37.047 56 875 
H3BO, (with phenolphthalein in 

the presence of mannitol or gly- 

COTIN) eins ee OS 1 61.833 79 122 
FBP io ee ahd oe es BG ae 1 80.912 90 801 
HCHO, ...........4- 4 46 .0259 66 300 
(formic acid) 

aH: var i ince ae BS eG 4 60.0530 | 77853 
(acetic) 

aGyH,O, ......02.000-% 4/2 59.045 77 118 
(suicclnie) * 

HC sH,09- osc eet 9 SO A 4/2 75.0445 | 87532 

(tartaric) 

HCaHsO, setae tea ae ue este ea 4/3 64.0420 80 646 

citric 

HCefl,0, -H,0 Aes OES wien we ete 4/3 70.0473 84 539 
CIA Og ncss cs ee che a es a eS 1 422.125 08 680 

benzoic’ 

2G Dot etek aoe aed 4 1/2 45.0179 65 339 

(oxalic) 


HCO 2H,O 2... 1 eee ees 1/2 63.0333 79 957 


Ge easter he Bed sien Se wanes eS 1 36.464 36 183 
HOO gc carS at acet agp ers # eee 1 100.459 00 199 
BE se 0 ae iN es, Getsoh es, ac a A 1 20.0064 30 117 
ELD tie set ad Se te age Hae @ aoe So 1 127 9124 10 691 
HIOg hse were: Boe Has ' 175.9106 24 529 


FNO§: 6) ae he Ale oe Gioae So eo 63.0129 79 943 
HPO, (with methyl orange, or 
ee yl yellow, or bromocresol 


diss. « honty: [grate Se le thee ee 4 97 .9953 99 124 
H3;P0, (with thymol hthalein, or 
phenolphthalein, ar thymol blue 
in the presence of NaCl) . 1/2 48.9977 69 018 
HgPO, (with phenol phthalein ‘in 
the presence of CaCl.) .... . 1/3 32.6654 51 408 
HPO, (titration of phosphoromo- ; 
lybdate precipitate)... .. . 1/23| 4.2607 | 62948 
36 OTS el ee 8 Te a ee talon tte 1/2 49 .039 69 054 


K,CO; (with thymol blue or phe- 

nolphthalein) ......... 1 138 .213 14 055 
K,CO, (with methyl yellow, or 

methy!] orange, or bromophenol 

blue, or bromocresol blue) . . .| 1/2 69.107 83 952 
KHGOg; 22h ee eee be 4 100.119 00 052 
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Table 14 (continued) 


Substance being determined 


KHC,H,0, a 
(hydrotartrate) 
KHC,H,0, . 
_(hydrophthalate) 
KII(103), 
KOH) as ce See ee 8 
Li,CO, (with thymol blue or phe- 
nol phthalein) 
Li,CO, (with methyl yellow, or 
methyl orange, or bromophenol 
blue, or bromocresol blue) . . . 
MeO Oe in. Sra: Sig Ok tin, 9 48 
MgO 
N (according to Kjeldahl)... . 
6.25 N (“albumen”) 
6.37 N (“casein”) 
2 N (“gelatin”) 


INELGC ook eg a eo oe BE 

(NH,)280, 

Na [titration with alkali and phe- 
nolphthalein of precipitate 
NaZn(UO,)3(CyH 09) -GH,0] 

Na,B,0, -10H,O 

Na,CO wie thymol blue or phe- 
nolphthalein) 

Na,CO, (with methyl yellow, or 
methyl orange, or bromophenol 
blue, or bromocresol blue) .. . 


Pe ey eg 


igo al ce. a cer Soa a 


Cr 


er? 


E Equivalent 
va weight, E 
1 188 .183 
{ 204.229 
| 389.915 
1 54,109 
1 73.887 

1/2 36.944 
4/2 42.157 
1/2 20.152 
1 14.0067 
_— 87.5419 
_ 89 2227 
— 77.7372 
1 17.0306 
1 18 .0386 
1 53.492 
1/2 66.070 
1/10 229898 
1/2 190.69 
1 105.9890 
1/2 52.9945 
1/2 143.071 
1 84.0071 
1 39.9972 
1/23 1.3467 
1/23 4.1292 


log E 


27 458 
31 012 


59 097 
74 903 


86 857 


56 754 
62 487 
30 432 
14 634 
94 222 
95 048 
89 063 
23 123 
29 620 
72 829 
82 000 


36 154 
28 033 
02 526 
72 423 
15 595 
92 432 
60 203 
12 927 


61 587 


B. Oxidation-Reduction Methods (Manganatometry, Chromatometry, 
Iodometry, Bromatometry, Ceriometry, etc.) 


Substances usod for titration and the concentrations of their normal 


solutions: 

(a) Oxidizing Agents 

Formula 

Concentration of 1 
solution (g/l), - 81.6075 


632.55 


KMnO, Co(NM4)g(S0q)q-2Hy0 Co(SO,)_4H0 


404.30 
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Yable 14 (continued) 


Formula ..... I, KBrO, K,Cr,0, 
Concentration of 1N 

solution (g/l) .. 126.9044 27.835 49 .032 
Formula ..... KI0, Ca(ClO), NH,VO, 
Concentration of 1NV 

solution (g/l) .. 35.6674 35.745 116.979 
(b) Reducing Agents 
Formula .. . . Na,S,03-5H,0 Fe(NH,)2(S04)2-6H,O FeSO,-7H,O 


Concentration of 
4N solution 


(gl) 2... 248.18 392.14 278 .02 
Formula .. . . CgH gO, Hg.(NOs).-2H,O 
ore i 
ac: 


1N solution 


2] a ae 88.064 280.61 
Substance heing determined | = Eau ae log E 

Al (after precipitation with hydro- 

xyquinoline) ......... 1/12 2.24846 | 35 189 
As (As*+ # As®t) 2... 1/2 37.46080 | 57 358 
Ba (after precipitation in the form 

of BaCrO,) .......... 1/3 45.780 66 068 
Bi (after precipitation with mya: 

xyquinoline) ....... . 4/12 17.4150 24 092 
Bee i a. cog Foe A ee 1 79.904 90 257 
BrOg sk 0-4 ace fet GG BS 1/6 21.3170 32 8723 


C H,OH (according to Koppeshaar) | 1/6 15.6857 19 550 


(phenol) 
CN- (odoney only and according 


to Schulek) .......... 1/2 13.00895 | 11 424 
Ca (after precipitation in the form 

of CaC,0O,) ....--.-.--24. 1/2 20.040 30 190 
Cd (after precipitation with hydro- 

xyquinoline) ..... 2... 1/8 14.050 14 768 
Ce (after precipitation with hydro- 

xyquinoline) ......... 1/12 41.677 06 733 
Cl (active) 2... ......02.. 4 39.453 54 965 
Clee cgtne ee Sr ee Bee ea 1/2 39.453 54 965 
CIOS Say ied ce ee ere yO Dien ed 1/2 20.726 41 037 
Clos bathe, ca lre yrat tag PS es eee eh 1/6 13.9035 14 312 


o [after precipitation in the form 
a KsCo(NOg)g} 2... 2° ww | CAMS 5.3576 72 897 
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Table 14 (continued) 


Substance being determined =. Paeients Er log E 
Co (after precipitation with hydro- 
xyquinoline). ......... 1/8 7.3667 86 727 
Cr (Cr,02- > 2Cr3+) . 2. 2... 1/3 17.3320 23 885 
TOET oe ce no ah ee ee 1/3 38.6647 58 731 
CrgQte Se Setanta Oo Sa e e 1/6 35.9980 55 628 
Cu (iodometrically) ....... 1 63.546 80 309 
Cu (titration of precipitate CuSCN 
with permanganate) ...... 4/6 10.5910 | 02 494 
Cu (after precipitation with hydro- 
xyquinoline). ....-..-+:+- 1/8 7 9433 90 000 
Fe (Fe3+ = Fe**) .... 2+: 1 50.847 74 700 
Fe (after precipitation with hydro- 
xyquinoline) .....-..--: 4/12 4.6539 66 782 
Teh lk eCCNE. ee , Ati = oo 
e(NH 6H,O .....-- : 
Po ee aa ee 1 | 71.846 | 85.640 
FejOg: oe, coerce Saw ee 4/2 79 846 90 225 
FeSO, 2... ee 1 154.91 18 159 
FeSO,-7H,O . . 2... ee ees 4 278 .02 44 408 
Ga (after precipitation with hydro- 
Se neiaee Stage cad he GAR , 2. | AA 5.810 76 418 
ICN (iodo rj nd accordin 
a cue ee i SN ie i 1/2 13,5129 13 075 
12Ce04 sce ees rises WO ike see: Hd 1/2 45.0180 65 339 
(oxalic) . 
H, SOTTO". en ge Rha et ee RCE 4/2 63.0333 79 957 
+ ea ae ee ae 4 | 127.9124 | 10691 
PINO3: ef donc at Bo S Es 4/2 23 5068 37 119 
HgOg. ge 3. hk a ee a eee 1/2 17.0074 23 064 
Hes Miodomtetneally) eae 1/2 17.040 23 147 
2 romatometrica and man- 
sr aalometeically) e era tule is 1/8 4.2600 | 62944 
HSCN (manganatometrically) ..| 1/6 9.8483 99 336 
IISCN (iodometrically according to 
Rupp and Schied) .....--- 1/8 7.3863 86 843 
Og... ee es 1/2 41.039 61 320 
H,SO, (through barium chromate) 1/3 32.693 51 445 
ety fe ahaa yee OS ue at hentia 1 126.9044 10 348 
I- (after oxidation to iodine with 
anitrite) 2... ee ee 1 126.9044 10 348 
I- (after oxidation to 103 with 
bromine) .. 2... . eee ee 1/6 21.1507 | 32533 
ee CR er ee ee es 1/6 29.1504 46 464 
In (after precipitation with hydro- 
xyquinoline). ......... 4/12 9.5682 98 083 
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Table 14 (continued) 


Substance being determined — Reinier e log E 
KBr $<. 5 de ae A ln 1/6 27 .834 44 458 
KOO g s6. 4h As ag et ein ek 1/6 20.426 31 018 
aCEOgS 2° nck eae gllgvg «emi 1/3 64.733 81 113 
K,Cr,0, ............, 1/6 49 .032 69 048 
KsFe(CN)g.-... 2... 4 329 .26 51 754 
K,Fe(CN),. .......,.02~, 1 368 .36 56 627 
K,Fe(CN),-3H,O......., 1 422.41 62 573 
KH(IOs)p. «2... 2... 1/12 32.4929 51 179 
ves bist Mtrcaade Mies thee eto 1/6 35.6674 55 227 
TEMBO |. seine sara ene a! oa ee 4/5 31.6075 | 49979 
MNO, ee teh Gee tee 1/2 | 421554 | 62 894 
Mg (after Ween with hydro- 

xyquimoline). ......,,).. 0 
Mn (by the bismuthate method). , ve 10'98°6 os 590 


Mn (by Volhard’s method) 


can 9 
Mn (by Ford-William’s or Hampe’s aiA0 16.4814 2+ 69 


method) ..........,,., 
Mn (after eros with hydro- ze 27.4690 ee 
xyquinoline). .......,;, 
MnO, aia with FeSO,- ue Gore aEer 
KMn0O,) . Ponies A SAMS es as 4 4 . 7 
Mo (iodometrically) .... | | | ‘i oe 83 300 
Mo (after reduction with zinc) . . | 4/3 31980 50 488 
Mo (after eh dias with hydro- : 
xyquinoline). .....,. 0. , 1/8 11.993 07 893 
NH,OH. 3p uecrtyna arta 4/2 16.5131 | 21 783 
NOS + te ee ee, ee a | 4/2 23.0028 | 36178 
Na [dissolution of precipitate 


NaZn(U0g2)3+(CgH302))-6H.O, re- 


duction with zinc and titration] 4/6 3.8341 58 338 
Na,C,0,-- +--+ eee eee, 1/2 | 67 ‘000° 82 607 
NaGlO is. gee ee ere a, oe We 37 224 57 hy 

ee ae ee ae ee ene 53 
NaS (S57 +S) 2... . 2.20, 4/2 30/022 59 134 
INAgSO gs od te ae er eet ond deg 1/2 63.021 79 949 

@gS20g s 2 ee ee ee ee 4 158.414 49 896 
Na,$,0,5H,0 ........., 1 248 18 39 477 
ND) 5 ha oh Oe Steel eee eh 4/2 | 46.453 | 66701 
Nb (empirically) Piven ar wes ae — 49.9 69 810 
Ni (after precipitation with hydro- 

xyquinoline) ........, 1/8 7.339 86 564 
O (“activated oxygen”) ..... 4/2 7.9997 90 307 
O ae aera a wee ee ee 1/2 23.9994 38 019 


precipitate with permanganate 
after reduction with zinc) . . .| 41/36 0.8638 93 469 
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Table 14 (continued) 


Equivalent 


weight, E log E 


Substance heing determined | ea 


Pb (after precipitation of PbC,0,) ‘ 103.595 01 534 
Ph (after precipitation of PbCrO,) ‘ 69 .U63 83 925 
Pb (after precipitation with hydro- 

xyquinoline) 25.899 41 328 
S (S*-— Se) 16.032 20 499 
S (S*--» SO}-) 4.908 60 293 


SCN- (manganatometrically) Pap ) 9.6803 98 589 
SCN- (iodometrically according to 

Rupp and Schied) 7.2603 86 095 

: 32.022 50 558 

SOF 40.034 60 240 

32.024 50 543 

112.13 04 972 

14.U16 14 662 

60.875 78 444 


10. 146 00 629 
59.345 77 338 


14.502 
47 90 


1/8 5.988 77 728 
1/2 119.015 07 560 


inoli 4/12 19.836 29 745 
ete wes 1 | 50.942 | 70 708 
V (after precipitation with hydro- 
xyquinoline) Sree 1/8 6.368 80 400 
Zn (after precipitation with hydro- 

Svauinoline) 1/8 8.174 91 228 
Zr (after precipitation with hydro- ; 
xyquinoline) 1/16 5.704 75 595 


C. Methods of Precipitation and Complexing* 


Substances used for titration and the concentrations of their nor- 
mal] solutions: 


Formula... .. AgNO,  Hg(NOs),-H,O | KSCN NaCl 
Concentration of 1V 
solution (g/l) . . 169.873 471.34 97.184 58.443 
Formula ..... NH,SCN  Hg,(NO,),-2H.O K,CrO 
Concentration of 1 : B2(NOs)2 2H ake 
solution (g/l) . . 76.120 280.64 97.099 


* For methods of titration with complexone III, See Section D, p. 130. 
9—1845 
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Table 14 (continued) 


Substance being determined — a | log E 
AQ sisi ey th ore, ae, he SE 1 107 .868 03 289 
ABNO s- fo 8 eee Ag as 1 169 .873 23 012 
Ba (direct titration of K,CrO,) . .| 1/2 68.670 83 677 
BUS oy sheds aed en tlc el ee 1 79.904 90 257 
CN- (according to Mohr, Volhard, 

Fajans) ...........2. 1 26.0179 41 527 
ae (according to Liebig, Denigés) 2 52.0357 74 630 

da faa Jet Shean toy eae antg Erte fe | 35.453 54 965 
cs (after precipitation in the form 

of PbCIF) ........... 1 18.9984 27 872 
WIEBE! og eee be GR Si Be 1 80.912 90 801 
HCN (according to Mohr, Volhard, 

Fajans) ............ 1 27 .0258 43 178 
HCN (according to Licbig, Denigés) 2 54.0516 73 281 
GD ee ie ah BO ea oe ee 1 36.464 56 183 
TH oe ek. cea ee eee Se 4 127.9124 10 694 
HSCN (according to Volhard) . . 1 59.090 77 154 
Hg (with rhodanide) ....... 1/2 100.295 00 128 

Pete wig EN nace Cpe deoee ates Aen Be YS S 1 126.9044 10 348 
KBE S abed oh eich ee ab Bs Oni tere te ahh 1 119.006 07 557 
KCN (according to Mohr, Volhard, 

Fajans)* nc, Sted: ee ee 1 65.120 81 371 
KCN econ to Liebig, Denigés) 2 130.240 11 474 
KG). sg soe eek ee 1 74.555 87 248 
aa So dee Dh iy eo ch) EEA, Shea, Ge ws 1 166.006 22 012 
NHg@l oe ee bee ik ee ae ee es 1 53.492 72 829 
NaBr bhi ae th ale he BOSS 1 102.894 01 239 
NaGh (cis eas eA ee ee 1 08 .443 76 673 
IN GTi oi, ok cose Skeeter tee a 4 149.8942 17 578 
SCN- (according to Volhard) . 1 58 .082 76 404 


D. Methods of Titration with Gaplcune III 


(with sodium ethylenediaminetetraacetate, EDTA, trilon B) 
Substances used for titration and the concentrations of their nor- 
mal (molar) solutions: 
Formula ..... NagH,CypH,;,0gN2 Nagk.C,9II,2.0g,N,-2H,O 
Concentration of 1V 
(1M) — solution 
(g/l) 2... eee 336.211 372.242 


Equivalent 


weight, E lore 


SubStance being determincd | 


Ni {after adding K,Ni(CN),] . | 


rr 


215.736 33 392 
26.9815 43 106 
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Table 14 (continued) 


Substance being determined | a | Seas log E 
As (in the form of MgNII4AsO,) . 1 74.9246 87 461 
AsO$- (in the form of MaNiy: AsO,) 1 138 .9192 14 276 
Bas oe. Bo ee ie te 1 137.34 13 780 
Big 2s. Sew ck ho AO ee eS 1 208 .980 32 010 
Br (through AgBr) ....... 2 159.808 20 360 
oe (after adding Ni** salt) . 4 104.0714 01 733 
Esch ope Te cge et  Sapearas BOE Pane cs 1 40.08 60 293 
ci Ue Bs oe ys tease denna Age ot dies Veg, 1 112.40 05 077 
ere nike hts te BI: Wide! oe TENS 1 soe 14 650 
CL AgCl) . 2... ee 2 70.906 85 068 
Co pugs ‘s ¢ Sepia | 58 .9332 77 036 
Crt oe meet Pca yeh eek 1 51.996 74 597 
Cue Be Sea tse el at ata oe SE ee ; ee care a He 
F (after adding Ca** salt)... . 797 
E Abrougls PoCIF) 2... 6. ee 1 18.9984 27 872 
US Bint) Big oe ea teeaes «ts Sind 1 55.847 74 700 
Ca yg ab ig, heme ue Lee aie a wd 1 69.72 84 336 
ac cata, ad 1 ee 30 231 
OLGA ABE) esc n Goa ecb ees 2 | 253.8088 | 40 454 
1 vou ee 4 | 114.82 06 002 
eo ee ee ee i | 192.2) | 28375 
of Nak,Co(NO 12 32 
oe eS ae oleate er ad Ee 14.273 
Np sia gia bake ee Ge eee 1 24.305 38 570 
Mas oo te eed Ge A ee we BS eee 1 54.9381 73 987 
Mo (in the form of CaMoO,) 1 95.94 98 200 
Na [in the form o 
: [H30»)9 611.0] 4 22.9898 | 36 154 
pa Pn { os.7t | 7087! 
P (in the form of MgNH,PO,) . 1 30.973 
103- of MgNIl, PO ) 1 94.9714 97 759 
Phe neers Als ne es = 1 207.19 34 637 
bd [after adding K,Ni(CN),] 1 106.4 02 694 
Pt [after Nadine he 1 195.09 29 024 
S (in the form of BaSO,).....- 1 32.064 50 602 
SCN- (through AgSCN eth ie 2 116.16 06 506 
SO2- (in the form of BaSO,) . . . 1 96 .062 98 255 
Sn(1l Pag Se dh as so, ok of het ama ag 4 118.69 07 441 
te Wipe nde Sede sag et, ele ofan, at oP Seo 1 87.62 94 260 
Th oh Gh in beset meget teases 1 232 .038 36 556 
Titan eb wens Soe el ee 4 47.90 68 034 
Vic bn. Spb Sth Gee eS Ap Se 4 204.37 31 042 
Ute, ee ter as Bs Bo oy Ge aes ok: She 2 476 .06 67 766 
VV 0 ie pen Bera ee ae SS 1 50.942 70 708 
be (in the form of CaWO,) . 1 183.85 26 446 
Boils wae Bie the taeda a Rig? ho tates 1 65.37 81 538 
an vite Sie Woe aed Roa td, AP Lie ote 1 94.22 96 009 
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Table 16 


Calculation of the Results of Gas 
and Gasometric Analyses* 


If an analysis of a substance is reduced to the preparation of a cer- 
tain gas whose volume is measured, then, for further estimates, this 
volume must be brought to standard conditions, i.e., to a temperature 
of 0°C and a pressure of 760 mm Hg. 

Here, three cases are possible: 


1. Gas collected dry over mercury 


In this case the gas volume under standard conditions (Vo) is 
found by the approximate but sufficiently accurate formula: 
=v—/o_ 

(4-+ at) 760 
where V = measured gas volume; 
t= gas temperature; 
a = 0.003670; 
P, = barometer reading brought to 0°C. 


pee Nee 
= (i+ at) 760 
Value Py is found by the formula: 


Vi Sy 


F 


Po=(Pi— 5’) mm Hg 


where P,; = barometer reading; 
t’ = temperature of mercury in the barometer (the temperature 
of the air around the barometer is measured). 


log Vg = log V + log F 


The values of log F for various values of ¢ and Py, are given in 
Table 16,A. 


2. Gas collected over water 


In this case a correction for mercury temperature must be made 
in the barometer reading and water vapour pressure at temperature ¢ 
must be deducted: 


Po=Pr——t'—Pp 


where P, is the water vapour pressure at the corresponding tempera- 
ture of gas over water; it is given in section B of this table, 


* For the use of the table, see p. 468. 


137 


Table 16 (continued) 


8. Gas collected over KOH solution or over 
a saturated NaCl solution 


_ In this case the value of water vapour pressure over the correspond- 
ing absorbing aqueous solution must be deducted from the 
value of P;: 


Py=Pi—et'—Pp 


The values of P, for aqueous solutions are given in Table 16,B. 

If the collected gas is the component whose content is determined 
in the substance being analysed, then, to find the mass of this gas, 
the found volume Vy must obviously be multiplied by the density p 
of this gas under standard conditions; hence, the percentage (z) of the 
unknown component is: 


zu Voxe x 100 
& 


where g is the weighed portion of the substance being analysed. 

Tha corresponding values of the mass of one litre of gas in grams 
or of one millilitre of gas in milligrams and their logarithms are 
given in Table 16,B 

But if, according to the mass of collected gas, a calculation is 
made of the percentage of a certain component of a substance which 
is being analysed and from which this gas is separated, then the mass 
found must be multiplied by the value of f’. Table 16,D gives the 
babel of /’, which are the product of the conversion factor and gas 

ensity. 

The conversion factor is estimated on the basis of the reaction 
as a result of which the gas heing measured is obtained. Thus, in 
determining Al according to the amount of liberated H,, we find 
that three H atoms are formed per Al atom: 


rae aal @aipH 26.982 x 0.08988 _ 
= Gag) @ay + Say 3x 1.0080 — —0-6020 
where 2, atomic weight of Al; 


ay = atomic weight of H; 
PH = density of H, according to Table 16,C. 

Thus, the percentage of the unknown compound (z) is found by 
the formula: 


Vof’ x 100 
2= 
g 
or 
2 VFI x 400 


& 
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Table 16 (continued) 
A. Bringing the Gas Volume to Standard Conditions 


Tem- Corrected barometer reading Po, mm Hg 
era- Propor- 


Faire: tional 


°C 660 | 661 | 662 663 664 | 665 | 666 parts 


Logarithm of multiplier 


34 | 88 767| 88 833] 88 899] 88 964 | 89 030 | 89 095 


89 160 


5 | 93083) 93 149] 93 214] 93 280 | 93 345 | 93 410 | 93 476 
6 | 92.927] 92 993] 93 058] 93 134 | 93 189 | 93 254 | 93 320] 66 
7 |92774| 92 837| 92 903] 92. 969 | 93 034 | 93 099 | 93 164] 1) 9-9 
8 | 92 616) 92.682) 92 748| 92 814 | 92 879 | 92 944 | 93 009 | 2 | 13-2 
9 | 92 462] 92 528] 92 593] 92 659 | 92 724 | 92 789 | 92 855 | 4 | 26.4 
5 7 
10 | 92 308| 92.373] 92 439| 92 505 | 92 570 | 92 635 | 92 701 | 8 | 52:8 
14 [92 454| 92 220] 92 286] 92 352 | 92 417 | 92 482 | 92 547 | 9 | 89-4 
12 | 92.001] 92.067| 92 133] 92 199 | 92 264 | 92 329 | 92 394 
13 |91 849] 91 914] 91 980] 92 046 | 92 111 | 92 176/92 242] 45, 
14 | 91697] 91 762] 91 828] 91 894 | 91 959 | 92.024] 92.090 1) 15.4 
soe Pree Pe 
15 | 91 546] 94 612/91 67791 743 | 91 808 | 91 873 | 91 939] 8] 77-0 
18 | 91.395] 94 464/94 526 | 91 592 | 91 657 | 91 722 | 91 788 | $| ,22-4 
17 | 91245] 91 314/94 376 | 91 442 | 91 507 | 91 572 | 91 038 &| 12:8 
18 [91.095] 91 161|91 226 | 91 292 | 91 357 | 91 422 | 91 488 | 91 138.6 
19 | 90.946] 91 014/91 077 | 91 143 | 91 208 | 91 273 | 91 339 
20 | 90797| 90862] 90 928| 90 994 | 91 050] 91 124] 91 190] , 48 
21 | 90649| 90 714| 90780] 90 846 | 90 911 | 90 976 | 91 042] 2| 24:8 
22 | 90501| 90 567| 90 632| 90 698 | 90 763 | 90 828 | 90 804 | 3| 44.4 
23 | 90 354| 90 420| 90 485] 90 551 | 90 616 | 90 681 | 90 747 | #| 39-2 
24 | 90.207] 90 273| 90 338] 90 404 | 90 469 | 90 534 | 90 600 S| d8:4 
103. 
——| | HE 
25 | 90064] 90 127] 90 192] 90 258 | 90 323 | 90 388 | 90 454 "e 
96 | 89 915| 89 980| 90 046| 90 112 | 90 177 | 90 242 | 90 308 
27 |89770| 89 836| 89 904| 89 967 | 90 032 | 90097 | 90 163| 142 
28 | 89 625| 89 690] 89 756] 89 822 | 89 887 |89 952 |90018| 1) 14.2 
29 | 89 481| 89 547| 89 612] 89 678 | 89 743 | 89 808 | 89 874 | 2| 28-4 
4] 56. 
Wad tlete Woe eect le: orl dae Nato iees ine 71.0 
30 | 89 337] 89 403] 89 469| 89 534 | 89 600 | 89 665 | 89 730 | §| 83-2 
31 | 89 194) 89 260] 89 326| 89 394 | 89 457 | 89 522 | 80587 | 8/113 "6 
32 | 89 051| 89 117] 89 183] 89 248 | 89 314 | 89 379 | 89 444 | 91 127-8 
33 | 88 909| 88 975| 88 044| 89 106 | 89 172 | 89 237 | 89 302 
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Table 16 (continued) 


Tem- Corrécted barometer reading Po, mm Hg 
pera- Propor- 
ture, tional 
°C 667 | 668 | 669 670 6714 672 673 parts 
Logarithm of multiplier F 
5 |93541| 93 606] 93 674] 93 736 | 93 801 | 93 866 | 93 931 
6 | 93 385| 93 450] 93 515] 93 580 | 93 645 | 93 710 | 93 775 
7 | 93 229| 93 294] 93 359] 93 425 | 93 490 | 93 554 | 93 619 
8 | 93074] 93 139] 93 205] 93 270 | 93 339 | 93 399 | 93 464 65 
9 | 92 920) 92 985] 93 050} 93 115 | 93 180 | 93 244 | 93 309 | 1] ,8-8 
3 19.5 
4] 26.0 
10 | 92 766| 92 834] 92 896] 92 964 | 93 026 | 93 090} 93 155 | 8} 32-8 
144 | 92 642] 92 677| 92 742] 92 807 | 92 872 | 92 937 | 93 062] 7| 45:5 
12 | 92 459] 92 524] 92 589] 92 654 | 92 719 | 92 784 | 92 849 | 8] 52-0 
13 | 92307| 92 372| 92 437| 92 502 | 92 567 | 92 631 | 92 696 | °! 58- 
14 | 92 155] 92 220] 92 285] 92 350 | 92 445 | 92 479 | 92 544 
15 | 92.004] 92 069] 92 134] 92 199 | 92 264 | 92 328 | 92 393 
16 | 94 854| 91 918] 91 983] 92 048 | 92 113 | 92 174 | 92 242 
17 | 91703] 91 768] 91 833] 91 898 | 91 963 | 92 027] 92092] 454 
18 | 91553] 91 618] 91 683] 91 748 | 91 813] 91 877] 91 942 | 1) 15-4 
19 | 91 404] 94 469] 91 533] 91 599 | 91 664 | 91 728 | 91 793 | 2) 39-2 
4] 60.4 
5] 75.5 
20 | 94 255] 94 320] 94 385] 91 450 | 91 545 | 91 579 | 91 644| $] 39:4 
21 | 91 107] 94 172] 91 237] 91 302 | 94 367 | 91 434 | 91 496 | 8| 120-8 
22 | 90959] 94 024] 91 089] 91 154 | 91 219 | 94 283] 91 348 | 91 135.9 
23 | 90.812] 90 877| 90 942| 91 007 | 91 072 | 91 136 | 91 201 
24 | 90665] 90 730) 90 795] 90 860 | 90 925 | 90 989 | 91 054 


_ 


25 | 90519) 90 584] 90 649) 90 714 | 90 779 | 90 843 | 90 908 
26 | 90 373] 90 438] 90 503} 90 568 | 90 633 | 90 697 | 90 762 445 


27 | 90 228) 90 293] 90 358} 90 423 | 90 488 | 90 552 | 90617 | 1) 14.5 
28 | 90083] 90 148] 90 213] 90 278 | 90 343 | 90 407 | 90 472 | 2] 29:0 
29 | 89 939] 90 004| 90 069] 90 134 | 90 199 | 90 263 | 90 328 | 3] 43-8 
5 

3) 483 

30 | 89. 796] 89 864] 89 926] 89 990 | 90 055 | 90 120 | 90 185 | 3] 26:5 
34 | 89 653] 89 718] 89 783] 89 847 | 89 912 | 89 977 | 90 042 | 9 | 130-5 


32 | 89 510] 89 575] 89 640) 89 704 | 89 769 | 89 834 | 89 899 
33 | 89 368] 89 433] 89 498] 89 562 | 89 627 | 89 692 | 89 757 
34 | 89 226] 89 291] 89 356] 89 420 | 89 485 | 89 550 | 89 615 


a a ee 6 ee ee re 


674 | 675 676 


677 


678 


Table 16 (continued) 


Corrected barometer reading Po, mm Hg 


679 | 680 


Logarithm of multiplier F 


93 839} 93 904] 93 968 
93 683] 93 748) 93 812 
93 528] 93 593) 93 657 


93 995] 94 060] 94 124 
93 373] 93 438] 93 502 


93 219] 93 284 93 348 
93 066] 93 134] 93 195 
92 913] 92.978] 93 042 
13 | 92 764] 92 826] 92 889 
92 609] 92 674] 92 737 


92 458} 92 522] 92 586 
92 307] 92 374] 92 435 
92 156] 92 221] 92 285 
92 006] 92 071] 92 135 
914 857] 91 922] 91 986 


94 188 
94 032 
93 876 
93 7214 
93 566 


93 412 
93 259 
93 106 
92 954 
92 802 


92 654 
92 500 
92 349 
92 199 
92 050 


94 252 
94 096 


93 940 | { 


93 785 
93 630 


93 476 
93 323 
93 170 
93 018 
92 866 


92 715 
92 564 
92 413 
92 263 
92 114 


94 316 
9-4 160 


90 972] 914 037} 94 104 
90 826] 90 891] 90 955 
90 681| 90 746] 90 810 
90 536] 90 601] 90 665 
90 392] 90 457] 90 521 


91 560) 91 625] 91 689) 91 753 
91 412] 914 477] 91 541) 91 605 
91 265] 91 330} 91 394) 91 458 


20 | 94 708} 94 773} 91 837] 91 901 
91 118] 94 183} 91 247) 91 341 


91 165 
91 019 
90 874 
90 729 
90 585 


91 965 
91 817 
91 669 
91 522 
91 375 


91 229 
91 083 
90 938 
90 793 
90 649 


92 029 | 92 093 
91 881 | 91 945 
91 733 | 91 797 
91 586 | 91 650 
91 439 | 91 503 


91 293 | 91 357 
91 147 | 91 241 
91 002 | 91 066 
90 857 | 90 911 
90 713 | 90 777 


90 106} 90 170} 90 235 
89 963] 90 027) 90 092 
89 821] 89 885} 89 950 
89 679] 89 743] 89 808 


30 249} 90 313] 90 378 


90 442 
90 299 
90 156 
90 014 
89 872 


90 506 
90 363 
90 220 
90 078 
89 936 


90 570 | 90 634 
90 427 | 90 491 
90 284 | 90 348 
90 142 | 90 206 
90 000 | 90 064 


Propor- 
tional 


parts 
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Table 16 (continued) 


aoe Corrected barometer reading Po, mm Hg Propor- 
ture, tional 
°C 681 | 682 685 686 | 687 parts 


683 684 


Logarithm of multiplier F 


5 |94 444! 94507] 94 574] 94 634 | 94 698 | 94 761 | 94 825 
6 | 94288] 94 351| 94 415| 94 478 | 94 544 | 94 605 | 94 669 
7 |94 1321 94 195] 94 259] 94 323 | 94 387 | 94 449 | 94 513 
8 |93977| 94 040| 94 104| 94 168 | 94 232 | 94294194358] 63 
9 | 93 822] 93 886] 93 950] 94 013 | 94 07 | 94 140 | 94 203 | 4) 8-3 
3 18.9 
4 25.2 
10 | 93 668] 93 732| 93 796] 93 859 | 93 923 | 93 986 | 94 049 | 3} 31:8 
14 | 93515] 93 578] 93 644] 93 705 | 93 769 | 93 832 |93896| 7] 44:1 
12 | 93 362] 93 425| 93 489] 93 552 | 93 616 | 93 679 | 93 743 | 8] 59-4 
13 | 93 209] 93 273] 93 337] 93 400 | 93 464 | 93 527 | 93 590 
44 |93057| 93 124] 93 185] 93 248 | 93 312 | 93 375 | 93 438 
145 | 92 906] 92 970] 93 034] 93 097 | 93 4161 | 93 224 | 93 287 
16 | 92755] 92 819] 92 883] 92 946 | 93 010 | 93 073 | 93 136 
17 | 92.605] 92 669] 92 733] 92 796 | 92 860 | 92 923} 92986] 454 
48 | 92455] 92 519] 92 583] 92 646 | 92 710 | 92 773 | 92 836 | 1) 15.4 
19 | 92 306] 92 370) 92 434] 92 497 | 92 564 | 92 624 | 92 687 | 2| 30-2 
4 60.4 
5 75.5 
20 | 92 157| 92 221] 92 285] 92 348 | 92 412 | 92 475 | 92 538 | &| ,89-8 
21 | 92.009] 92 073] 92 137| 92 200 | 92 264 | 92 327 | 92 390 | 8| 120.8 
22 |91864| 91 925] 91 989] 92 052 | 91 116 | 92 179 | 92 242 | 9 | 135-9 
23 |91714| 91 778] 94 8421 91 905 | 91 969 | 92 032 | 92 095 
24 | 914567) 91 634| 91 695] 91 758 | 94 822 | 91 885 | 91 948 


ce) 
r=? 
a] 
oo 
co 


25 | 94 421] 91 485] 91 549] 91 612 | 91 676 91 802 

26 | 94 275] 91 339] 91 403] 94 466 | 91 530] 91 593] 91656] 445 

27 | 94 130] 94 194] 94 258] 91 324 | 91 385 | 91 448] 91 541] 1 ta.5 

28 | 90975] 91 049] 94 113] 94 176 | 91 240 | 94 303 | 91 366 | 2| 29:0 

29 | 90 844] 90 905] 90 969] 91 032 | 91 O96 | 91 159 | 91 222] 3] 43-8 
5| 72.5 
6| 87.0 

30 | 90 698] 90 764] 90 825] 90 889 | 90 952 | 91 015 | 91 079 | 2] 192-8 

at 90 682| 90 746 | 90 809 | 90 872 | 90 936 | 9 | 130:5 

2 

33 

34 | 90 128] 90 194] 90 255] 90 319 | 90 382 | 90 445 | 90 509 
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Tem- 


Corrected barometer reading Po, mm Hg 


Table 16 (continued) 


pera- Propor- 
ture, | Ps | nee 
°c 688 689 690 91 692 693 694 . 
Logarithm of multiplier F 
5 | 94 888) 94 951] 95 014) 95 077 | 95 139 | 95 202 | 95 265 63 
6 | 94732] 94 795] 94 858] 94 924 | 94 983 | 95 046 95 109] 1] 8-3 
7 | 94576] 94 639] 94 702] 94 765 | 94 828 | 94 891 | 94.953] 2] {375 
8 | 94 4211 94 484] 94 547| 94 610 | 94 673 | 94 736 | 94 798 | 4 | 25-2 
9 | 94 266] 94 329) 94 392] 94 455 | 94 518 | 94 581 | 94 643] 5] 31-8 
44.4 
4 
10 | 94112] 94 175] 94 238] 94 301 | 94 364 | 94 427| 94 489 | 9! 59-7 
11 | 93 959] 94 022] 94 085] 94 148 | 94 210 | 94 273 | 94 336 
12 | 93 806] 93 869] 93 932] 93 995 | 94 057 | 94 120 | 94 183 
13 | 93 653] 93 719] 93 779] 93 842 | 93 905 | 93 968 | 94.030] 454 
14 | 93 504] 93 564] 93 627| 93 690 | 93 753 | 93 816 | 93 878 | 4) “15.4 
tS 
n| 61.6 
15 |93350| 93 413] 93 476] 93 539 | 93 602 | 93 665 | 93 727 | §| 77.0 
16 | 93 199] 93 262} 93 325] 93 389 | 93 451 | 93 514 | 93 576 | S| 92-4 
47 | 93 049] 93 112] 93 175] 93 228 | 93 301 | 93 364 | 93 426 | 2] 19372 
18 | 92.899] 92 962] 93 025] 93 088 | 93 151 | 93 214 | 93 276 | 0 | 138.6 
19 | 92750] 92 813] 92 876] 92 939 | 9:: 002 | 93 065 | 93 127 
20 | 92 GO!) 92 664) 92 727] 92 790 | 92 853 | 92 916 | 92.979 | | pe. ; 
21 | 92 453] 92 516] 92 579] 92 642 | 92 705 | 92 768 | 92 830] 5| 2976 
2 | 92 305] 92 368] 92 4331] 92 494 | 92 557 | 92 620 | 92 682 | 3] 44-4 
23 | 92 158] 92 224] 92 284] 92 347 | 92 410 | 92 473 | 92 535 | 4) 39-5 
24 | 92011] 92 074] 92 137| 92 200 | 92 263 | 92 326 | 92 388 | 2 8.8 
01. 
ge 
25 | 91865] 91 928] 91 991] 92 054 | 92 117 | 92 180] 92 242 | 217°" 
26 | 91719] 91 782] 91 845] 91 908 | 91 971 | 92 034 | 92 096 
27 | 94.574] 91 637] 91 700] 91 763 | 91 826 | 91 8389 | 91 951 
28 | 91 429] 94 492] 91 555] 91 618] 91 681 | 91 744/91 806] 442 
29 | 94 285] 91 348] 91 414] 91 474 | 91 537 | 91 G00 | 91 662 i 14.2 
SS ae 
4 a 
30 | 94 142] 91 205] 91 268] 91 331 | 91 394 | 91 456 | 91 519 | 5 i 
31 | 90999] 91 064] 91 125] 91 188 | 91 251 | 91 313] 91 376 | 8] 9974 
32 | 90856] 90919] 90 982] 91 045 | 91 108 | 91 170 | 91 233} 8] 113-6 
33 | 90714| 90777] 90 840] 90 903 | 90 966 | 91 028 | 91 091 | 91 127-8 
34 |90572| 90 635| 90 698| 90 761 | 90 824 | 90 886 | 90 949 
Be Ma ce Me ae a ee 
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Table 16 (continued) 


Tem- Corrected barometer reading Py, mm Hg 
pera- Propor- 
ture, tional 
°C 695 | 696 697 698 699 700 | 701 parts 
Logarithm of multiplier F 
5 | 95 3281 95 390] 95 452| 95 544 | 95 577 | 95 639 | 95 701 
6 1954172] 95 234] 95 296] 95 358 | 95 421 | 95 483 | 95 545 
7 195 015} 95 078] 95 140] 95 203 | 95 265 | 95 327 | 95 389 
8 194861] 94 923] 94 986} 95 048 | 95 110 | 95 172 | 95 234 62 
9 |94 706] 94 768] 94 831] 94 893 | 94 955 | 95 017 | 95 079 . o “2 
3| 18-6 
4| 24.8 
10 | 94552] 94 614] 94 677| 94 739 | 94 801 | 94 863 94 925 : He fe 
11 | 94399] 94 461] 94 524] 94 585 | 94 648 | 94 710 | 94772) 7] 43-4 
12 | 94 246] 94 308] 94 370] 94 432 | 94 495 | 94 557 | 94 619 . 49.6 
13 194093] 94 155| 94 218] 94 280 | 94 342 | 94 404 | 94 466 55.8 
14 |93944| 94 003] 94 066] 94 128 94 190 | 94 252 | 94 314 


15 |93790| 93 852| 93 915] 93 977 | 94 039 | 94 101 | 94 163 
16 | 93.639] 93 701| 93 764| 93 826 | 93 888 | 93 950 | 94 012 
17 | 93489] 93 551| 93 614| 93 676 | 93 738 | 93 800 | 93 862} 454 


18 | 93339] 93 404] 93 464] 93 526 93 588 | 93 650 | 93 742] 4) 45.4 
49 | 93190] 93 252] 93 345] 93 377 93 439 | 93 5014 | 93 563 : ee 
4] 60.4 

mile 

20 | 93.044| 93 103] 93 166] 93 228 93 290 | 93 352 | 93 414 | > 105.4 
54 | 92.893) 92 955| 93.018) 93 080 | 93 142 | 93 204 | 93 266 | s| 1208 
22 | 92745] 92 807| 92 870] 92 932 92 994 | 93 056 | 93 118 | 91 135.9 


23 | 92.5981 92 G6O| 92 723] 92 785 | 92 847 | 92 909 | 92 975 
24 | 92 451| 92 513) 92576] 92 638 | 92 700 | 92 762 | 92 824 


25 | 92 305] 92 367] 92 430] 92 492 | 92 554 | 92 616 | 92 678 
26 | 92 159] 92 2241] 92 284] 92 346 | 92 408 | 92 470 | 92 532 445 


27 | 92 014] 92 076] 92 139] 92 201 | 92 263 | 92 325 | 92 387| 4, 44.5 
28 | 91.869] 91 931| 91 994] 92 056 | 92 118 | 92 180 | 92 242 | 2] 29:0 
29 | 91 725] 91 787] 91 850] 91 912 | 91 974 | 92 036 | 92 098) 3] 43-5 

5| 72.5 

6 87.0 
30 191581] 91 644 94 706] 91 769 | 91 831 | 91 893 | 91 955 | 2 ite 
31 |91 438] 91 501| 91 563] 91 626 | 91 688 | 91 750 | 91 812 | 9] 130.5 


32 | 91 295] 94 358] 91 420] 91 483 | 91 545 | 91 607 | 91 669 
33 | 91 153] 91 216] 91 278) 91 344 | 91 403 | 94 465 | 91 527 
34 | 91014] 94 074! 91 136] 94 199 | 94 264 | 94 323 | 91 385 


Table 16 (continued) 


Tem- Corrected barometer reading Po, mm Hg Pieper 
n Spe ee, ena 
703 704 705 706 707 | 708 parts 


Logarithm of multiplier 7 
5 | 95 763] 95 825] 95 386] 95 948 | 96 009 | 96 071 | 96 132 62 
6 | 95 606] 95 668) 95 730] 95 792 | 95 859 | 95 915] 95976] J) 8.2 
7 |95 454] 95 513} 95 574] 95 636 | 95 698 | 95 759 | 95 820] $| 12-4 
8 | 95 296] 95 358) 95 419] 95 481 | 95 543 | 95 604 | 95 G5] 4] 24/8 
9 | 95 144] 95 203) 95 265) 95 327 | 95 388) 95 450] 95 511 | 8} 31.9 
ce ad AN ee en te 
8] 49.6 
10 | 94 987] 95 049] 95 114] 95 173 | 95 234 | 95 296 | 95 357 | %! 55-8 
11 | 94 834] 94 896] 94 957| 95 019 | 95 080 | 95 142 | 95 203 
42 | 94 681] 94 743] 94 804] 94 866 | 94 927 | 94 989 | 95 050 
13 | 94528) 94 590) 94 652) 94 718 | 94 775 | 94 837 | 94 898] 5, 
14 | 94 376] 94 438] 94 500} 94 562 | 94 623 | 94 685 | 94 746 | 95.4 
9 
3] 46:2 
15 | 94 225| 94 287] 94 349] 94 411 | 94 472 | 94534] 94595] 4] 4:8 
16 |94074] 94 136] 94 198] 94 260 | 94 321 | 94 383 | 94 444 | 6] 92-4 
17 | 93924] 93 986] 94 048] 94 110 | 94 171 | 94 233 | 94 294 | 2] 107-8 
18 | 93774] 93 836] 93 898] 93 960 | 94 021 | 94 083 | 94 144] 9| 13816 
19 | 93625] 93 687] 93 749] 93 811 | 93 872 | 93 934 | 93 995 
20 | 93 476| 93 538] 93 G00] 93 662 | 93 723 | 93 785 | 93 846] _ 148 
21 | 93 328] 93 390} 93 452) 93 514 | 93 575 | 93 637 | 93 698 | 3] 44:8 
22 | 93 180] 93 242] 93 304] 93 366 | 93 427 | 93 489] 93550] 3] a4l4 
23 | 93 033] 93 095] 9:3 157] 93 219 | 93 280 | 93 342 | 93 403 | 4] 59.2 
24 | 92 886] 92 948/ 93 010] 93 072 | 93 133 | 93 195] 43 256 | Bg) 2t-8 
7) 103.6 
8) 118.4 
25 | 92740] 92 8021 92 864] 92 926 | 92 987 | 93 049 | 93 110 | 2! 193-2 
26 | 92594] 92 656| 92718] 92 780 | 92 841 | 92 903 | 92 964 
27 | 92 449} 92 511] 92 573] 92 635 | 92 696 | 92 759 | 92 819 
28 | 92 304] 92 366] 92 428] 92 490 | 92 551 | 92 613] 92674] 449 
29 | 92 160) 92 222) 92 284] 92 346 | 92 407 | 92 469 | 92 530] 4) 14.2 
2] 28.4 
3) 42.6 
4} 56.8 
30 | 92 017] 92 079] 92 140) 92 202 | 92 263 | 92 325 | 92 386 | 5] 71.0 
31 | 91 874) 91 936] 91 997] 92 059 | 92 120 | 92 182 | 92 243 | F | BS -? 
32 | 91 731] 91 793] 91 854] 91 916 | 91 977 | 92 039 | 92 100] 8] 113°6 
33 | 91 589) 91 651) 91 712] 91 774 | 91 835 | 91 897 | 91 958 | 91 127.8 
34 | 91 447] 91 509] 91 570] 91 632 | 91 693 | 91 755 | 91 816 
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Table 16 (continued) 


Corrected barometer reading Pop, mm Hg 


Propor- 
tional 


709 | 710 711 712 713 T14 | 7415 parts 


Logarithm of multiplier F 


96 194] 96 255] 96 316| 96 377 | 96 438 | 96 499 | 96 560 
96 038] 96 099] 96 160] 96 221 | 96 282 | 96 343 | 96 404 
95 882| 95 943] 96 004] 96 065 | 96 126 

95 727| 95 788] 95 849] 95 910 | 95 971 

95 5721 95 633) 95 694] 95 755 | 95 846 | 95 877 


95 448] 95 479| 95 540| 95 604 | 95 662 | 95 723 | 95 784 
95 2651 95 326| 95 387| 95 448 | 95 509 | 95 570 | 95 631 
95 14121 95 173] 95 234| 95 295 | 95 356 | 95 417 | 95 478 
94 959] 95 020| 95 082] 95 143 | 95 204 | 95 264 | 95 325 
94 807| 94 868) 94 930] 94 994 | 95 052 | 95 112 | 95 173 


EE 


94 656| 94 717| 94 778] 94 839 | 94 900 | 94 964 95 022 
94 505] 94 566| 94 627| 94 688 | 94 749 | 94 810 | 94 874 
94 355| 94 416| 94 478] 94 538 | 94 599 | 94 660 | 94 724 
94 205] 94 266] 94 327| 94 388 | 94 449 | 94 510 | 94 574 
94 056] 94 117| 94 178] 94 239 | 94 300 | 94 364 94 422 


fox) 
— 


WOIAH NE wre 
C7 09 Go DOM ee 
FONROMONA 
OIE whore 


93 907| 93 968] 94 029 94 154 | 94 212 | 94 273 
93 759 93 820] 93 881 94 003 | 94 064 | 94 125 
93 614] 93 672] 93 734 93 856 | 93 916 | 93 977 
93 464] 93 525] 93 586 93 709 | 93 769 | 93 830 
93 317| 93 378] 93 440 93 562 | 93 622 | 93 683 


BDONMMNFwOvoe 
oe he we ew ee 
WOINMUONF WH 


93 174] 93 232] 93 294 93 416 | 93 476 
93 025] 93 086] 93 148 93 270 | 93 330 
92 880] 92 941) 93 003 93 125 | 93 185 
92 735] 92 796] 92 858 92 980 | 93 040 
92 591| 92 652] 92 713 92 835 | 92 896 


= 
i 
nn 


92 448] 92 509] 92 570 92 634 | 92 692 | 92 753 
92 305] 92 366} 92 427] 92 488 } 92 549 | 92 610 
92 162] 92 223] 92 284) -92 345 | 92 406 | 92 467 
92 020] 92 081] 92 142! 92 203 | 92 264 | 92 325 
91 878] 91 939] 92 000} 92 064 | 92 122 | 92 183 
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Table 16 (continued) 


Corrected barometer reading Po, mm Hg 


716 | 717 | 718 119 720 


724 | 722 


Propor- 


tional 
parts 


- oN 


a Sn ey eee a 


—_— enn 


Logarithm of multiplier F 


96 620] 96 680] 96 741] 96 802 | 96 862 | 96 922 | 96 983 
96 464/ 96 525] 96 585] 96 646 | 96 706 | 96 767 | 96 827 
96 308} 96 369} 96 429] 96 490 | 96 500 | 96 611 | 96 671 
96 153 96 214] 96 274] 96 335 | 96 395 | 96 456 | 96 516 
95 999) 96 060} 96 120) 96 1814 | 96 244 | 96 304 | 96 364 


95 845] 95 906] 95 966] 96 027 | 96 087 
95 694] 95 752] 95 812! 95 873 | 95 933 
95 538} 95 599] 95 659] 95 720 | 95 780 
95 386} 95 447] 95 507| 95 568 | 95 628 
95 234] 95 295] 95 355] 95 416 | 95 476 


96 207 
96 054 
95 901 
95 748 
95 596 


co 
oO 
— 
> 
Ny 


95 083] 95 144] 95 204] 95 265 | 95 325 
94 932] 94 993! 95 053] 95 114 | 95 174 
94 782) 94 843] 94 903} 94 964 | 95 024 
94 632) 94 693] 94 753] 94 814 | 94 874 
94 483] 94 544] 94 604] 94 665 | 94 725 


95 445 
95 394 
95 144 
94 994 
94 845 


oO 
ao 
jw 
(oe) 
on 


94 334) 94 395] 94 455] 94 546 | 94 576 | 94 636 | 94 696 
94 186) 94 247] 94 307] 94 368 | 94 428 | 94 488 | 94 548 
94 038} 94 099] 94 159] 94 220 | 94 280 | 94 340 | 94 400 
93 891) 93 952) 94 012) 94 073 | 94 133 | 94 193 | 94 253 
93 744) 93 805] 93 865] 93 926 | 93 986 | 94 046 | 94 106 


93 598} 93 659] 93 719] 93 780 | 93 840 | 93 900 | 93 960 
93 452] 93 513] 93 573) 93 634 | 93 694 | 93 754 | 93 814 
93 307) 93 368} 93 428) 93 489 | 93 549 | 93 609 | 93 669 
93 162) 93 223} 93 288] 93 344 | 93 404 | 93 464 | 93 524 
93 018) 93 079} 93 139] 93 199 | 93 259 | 93 320 | 93 380 


92 874] 92 935] 92 995] 93 056 | 93 146 | 93 177 | 93 237 
92 731 92 792) 92 852) 92 913 | 92 973 | 93 034 | 93 094 
92 588) 92 649] 92 709) 92 770 | 92 830 | 92 894 | 92 954 
92 446] 92 507] 92 567) 92 628 | 92 688 | 92 749 | 92 809 
92 304] 92 365} 92 425) 92 486 | 92 546 | 92 607 | 92 667 
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Table 16 (continued) 


acme Corrected barometer reading P97, mm Hg Propor- 
ture, tional 
°C 723 | 724 | 725 726 727 | 728 | 729 parts 
Logarithm of multiplier F 
5 |97 043] 97 103] 97 163] 97 223 | 97 283 | 97 342 | 97 402 
6 | 96 887] 96 947| 97 007| 97 067 | 97 127 | 97 186 | 97 246 
7 |96734| 96 791] 96 851] 96 941 | 96 971 | 97 030 | 97 090 
8 | 96 576 96 636} 96 696] 96 756 | 96 816 | 96 875 | 96 935 60 
9 |96 424] 96 484] 96 544] 96 601 | 96 661 | 96 721 | 96 781 ; ecu 
: 3| 18-0 
4| 24.0 
10 |96 267] 96 327| 96 387| 96 447 | 96 507 | 96 567 | 96 637 | 2] 39-9 
441 |96 114] 96 174] 96 234] 96 294 | 96 354 | 96 413 | 96 473 | 7] 42.0 
12 |95 964] 96 024] 96 081! 96 141 | 96 2014 | 96 260 | 96 320 : ae 


13 | 95 808] 95 868] 95 928] 95 988 | 96 048 | 96 108 | 96 168 
14 | 95 656] 95 716] 95 776| 95 836 | 95 896 | 95 956 | 96 016 


15 | 95505] 95 565] 95 625] 95 685 | 95 475 | 95 805 | 95 865 
16 | 95 354] 95 414] 95 474] 95 534 | 95 594 | 95 654 | 95 714 
17. | 95 204] 95 264] 95 324] 95 384 | 95 444 | 95 514 | 95 564 
18 | 95054] 95 114! 95 174] 95 234 | 95 294 | 95 354 | 95 414 
19 | 94 905] 94 965) 95 025] 95 085 | 95 145 | 95 205 | 95 265 


—_ 
an 
= 


20 | 94756] 94 816] 94 876] 94 936 | 94 996 | 95 056 | 95 116 
24 | 94 608] 94 668] 94 728] 94 788 | 94 848 | 94 908 | 94 968 
22 | 94 460] 94 520] 94 580} 94 640 | 94 700 | 94 760 | 94 820 
23 | 94 313] 94 373] 94 433] 94 493 | 94 553 | 94 613 | 94 673 
24 | 94 166) 94 226] 94 286] 94 346 94 406 | 94 466 | 94 526 


25 | 94 020} 94 080} 94 140} 94 200 | 94 260 | 94 320 | 94 380 
26 | 93 874] 93 934] 93 994] 94 054 | 94 114 | 94 174 | 94 234 145 
27 | 93 729] 93 789] 93 849] 93 909 | 93 969 | 94 029 | 94 089 
28 | 93 584! 93 644| 93 704] 93 764 | 93 824 | 93 885 | 93 944 
29 | 93 440] 93 500] 93 569} 93 620 | 93 680 | 93 740 | 93 800 


DOVES whys 
WHOHO IMS tom 
nonmouowon 
rere were er er ee 
WOONOMNE wns 


he 


30 | 93 297] 93 357] 93 417| 93 477 | 93 536 | 93 596 | 93 656 
31 | 93 154] 93 214] 93 274] 93 334 | 93 393 | 93 453 | 93 513 
32 | 93 014] 93 074] 93 131] 93 194 | 93 250 | 93 310 | 93 370 
33 | 92 869] 92 929] 92 989] 93 049 | 93 108 | 93 168 | 93 228 
34 | 92 727] 92 787] 92 847| 92 907 | 92 966 | 93 026 | 93 086 


OOmNINWOWO> 
Pee ee oer eer er 
nonowouow 


DBDONINMOIS whos 
We OO tor 


ek ee 


10* 


Table 16 (continued) 


a Corrected barometer reading Pp, mm Hg Propor- 
ture, tional 
°C 730 | 734 | 732 7133 734 | 735 | 736 parts 


Logarithm of multiplier F 


5 | 97 464] 97 521/97 580] 97 640 | 97 699 | 97 75897 817| 59 
6 |97 305| 97 365] 97 424| 97 484 | 97 543 | 97 602 | 97 661] 1] ,5-2 
7 | 97 149] 97 209] 97 268] 97 328 | 97 387] 97 446 | 97505| 2] 14:9 
8 | 96 994] 97 054] 97 113] 97 173 | 97 232 | 97 291 | 97 350] 4| 23:6 
9 | 96 840) 96 899) 96 958) 97 018 | 97 077 | 97 136 | 97 195 | 5] 29-8 
7| 41.3 
8] 47.2 
10 | 96 686] 96 745] 96 804] 96 864 | 96 923 | 96 982] 97 041 | 9! 59-3 
141 | 96 532) 96 592] 96 654| 96 711 | 96 770 | 96 829 | 96 888 
12 | 96 379] 96 439] 96 498] 96 558 | 96 617 | 96 676 | 96 735 
13 | 96 227/ 96 287/ 96 346] 96 406 | 96 465 | 96 524/96 583] 454 
14 | 96 075] 96 135] 96 194] 96 253 | 96 312 | 96 371 | 96 430| ,, 145.4 
0.8 
5) 383 
15 | 95 924] 95 984) 96 043] 96 102 | 96 161 | 96 220| 96 279] $| 77.0 
16 | 95 773] 95 833/ 95 892] 95 954 | 96 010 | 96 069 | 96 128 | 8} ,92-4 
17 | 95 623) 95 683] 95 742| 95 801 | 95 860 | 95 919 | 95 978 | 7 | 193:8 
48 | 95 473] 95 533] 95 592] 95 651 | 95 710 | 95 769.| 95 828 | 9| 138.6 
19 | 95 324] 95 384] 95 443] 95 502 | 95 561 | 95 620 | 95 679 


21 | 95 027| 95 086] 95 145] 95 205 | 95 264 | 95 323] 95 382] 1] 4475 
22 | 94879] 94 939] 94 998] 95 057 | 95 116} 95 175 | 95 234| 3| 44:4 
23 | 94732] 94 791] 94 850] 94 910 | 94 969 | 95 028 | 95 087 | 4} 59-2 
24 | 94585] 94 645| 94 704] 94 763 | 94 822 | 94 881 | 94940] 5] Z4-3 
7| 103.6 

4 

91 133.2 


94 293] 94 353] 94 412] 94 471 | 94 530 


94 148] 94 208] 94 267! 94 336 | 94 385 


20 : : 95 5 95 : 95 353 | 95 TERS EaIa 95 i 95 530 


94'439} 94 498} 94 TESS HEaH 94 617 | 94 676 


28 |94003) 94 063] 94 122] 94 181 | 94 240 | 94 299 | 94 358 4 

29 93 859] 93 918} 93 977] 94 037 | 94 096 | 94 155 | 94 214 i 42 
3] 42-6 

30 | 93 715) 93 775] 93 834] 93 893 | 93 953 | 94 012 | 94 071 4 ae 

31 | 93572) 93 632] 93 691] 93 750 | 93 810 | 93 869 | 93 928 q 99.4 

32 | 93 429) 93 489] 93 548] 93 607 | 93 667 | 93 726 | 93 785] 8] 113.6 

33 | 93 287| 93 347] 93 406] 93 465 | 93 525 | 93 584 | 93 643 | 91 127.8 

93 145] 93 205] 93 264! 93 323 
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Table 16 (continued) 


Tem- Corrected barometer reading Pop, mm Hg P 
ropor- 


eras | 
ture, tional 
°C 737 | 738 | 739 740 | 744 | 7142 | 748 parts 


Logarithm of multiplier F 


97 876| 97 935] 97 994] 98 052 | 98 111 | 98 170 | 98 222 
97 720] 97 779] 97 838] 97 896 | 97 955 | 98 013 | 98 078 
97 564| 97 623] 97 682) 97 740 | 97 799 | 97 857 | 97 916 
97 409] 97 468] 97 527] 97 585 | 97 644 | 97 702 | 97 761 
97 254] 97 313] 97 372) 97 434 | 97 490 | 97 548 | 97 607 


on 
Je) 


97 100] 97 159] 97 218) 97 277 | 97 336 | 97 394 | 97 453 
96 947| 97 006] 97 065] 97 123 | 97 182 | 97 240 | 97 299 
96 794| 96 853] 96 912| 96 970 | 97 029 | 97 087 
96 642| 96 704] 96 760| 96 818 | 96 877 | 96 935 
96 489| 96 548] 96 607| 96 666 | 96 725 | 96 783 


DOVMHPWN- 
OP ODDS 

WI OO Wo 
oe eet ww we 
—DWROM 100 


96 338] 96 397| 96 456] 96 545 | 96 574 | 96 632 
96 187| 96 246] 96 305] 96 364 | 96 423 
96 037] 96 096] 96 155] 96 214 | 96 273 
95 887| 95 946) 96 005] 96 064 | 96 123 
95 738] 95 797| 95 856} 95 915 | 95 974 


ee 
oO 
-_ 


95 589] 95 648] 95 707] 95 766 | 95 825 
95 441] 95 500] 95 559] 95 648 | 95 677 
95 293) 95 352] 95 414] 95 470 | 95 529 
95 146] 95 205) 95 264] 95 323 | 95 382 
94 999] 95 058) 95 117] 95 176 | 95 235 


OOD YNMVA9UML op 
WHOS WMS tow 
AOnontrovon 
ee ee we ew 
WOONVDWUME CHL 


eres 


94 753| 94 912] 94974] 95030 | 95 089 
94 707| 94 766] 94 825] 94 884 | 94 943 
94 562| 94 621| 94 680] 94 739 | 94 798 
94 417| 94 476] 94535] 94 594 | 94 653 
94 273] 94 332| 94 391] 94 449 | 94 508 


i 
» 
on 


94 482 
94 339 
94 196 
94 054 
93 560] 93 619] 93 677| 93 736 -| 93 853 | 93 912 
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Table 16 (continued) 


ane Corrected barometer reading P97, mm Hg Propo r- 
ona 


p 
ture 
749 | 150 parts 


°c’ | 744 | 745 | 746 747 748 


Logarithm of multiplier F 


5 | 98 286] 98 345] 98 403] 98 461 | 98 519 | 98 577 | 98 635 
6 | 98 130} 98 189] 98 247] 98 305 | 98 363 | 98 421 | 98 479 
: 97 974 98 033] 98 091] 98 149 | 98 207 | 98 265 | 98 323 
9 


on 
Co 


97 819} 97 878] 97 936] 97 994 | 98 052 | 98 110 | 98 168 
97 665] 97 724] 97 781] 97 839 | 97 898 | 97 956 | 98 013 


DOONAN Cone 
o> FiO bie 

NACrOwWNRE Oo 
COrAWMONS OC 


10 | 97 514] 97 569] 97 627] 97 686 | 97 744 | 97 802 | 97 859 
41 | 97 357] 97 416] 97 474] 97 532 | 97 590 | 97 648 | 97 706 
12 | 97 204| 97 263] 97 321] 97 379 | 97 437 | 97 495 | 97 553 
13 | 97 052) 97 110) 97 168] 97 227 | 97 285 | 97 343 | 97 401 454 


14 | 96 900] 96 959] 97 017] 97 075 | 97 133 | 97 191 | 97 249 | , 18.4 
0. 
SS EET emeeeeenr ee oe 
15 | 96749] 96 807| 96 865| 96 924 | 96 982 | 97 040 | 97 098 | 4| 77.0 
16 | 96 598] 96 656] 96 714) 96 773 | 96 831 | 96 889 | 96 947 | 8 | ,92-2 
17 | 96 448] 96 506] 96 564] 96 622 | 96 680 | 96 738 | 96 796 | 4) 134.5 
18 | 96 298] 96 356] 96 414| 96 472 | 96 530 | 96 588 | 96 646 | $| 138.6 
19 |96 149] 96 207| 96 265] 96 323 | 96 381 | 96 439 | 96 497 
20 | 96 000] 96 058| 96 116] 96 174 | 96 232 | 96 290] 96 348 | , 148 
21 | 95 852] 95 910] 95 968] 96 026 | 96 034 | 96 142 | 96 200| 1] 42° 
22 | 95 705] 95 763| 95 824] 95 879 | 95 937 | 95 995 | 96 053] 3| 44-4 
23 | 95 558) 95 616] 95 674] 95 732 | 95 790 | 95 848 | 95 906 | 4} 39-2 
24 | 95 441) 95 469) 95 527] 95 585 | 95 643 | 95 701 | 95 759 | §| fa:8 
3. 
gH 
25 | 95 264| 95 322] 95 380] 95 439 | 95 497] 95 555195 613| 2! 1°” 
26 | 95 118] 95 176] 95 234| 95 293 | 95 351 | 95 409 | 95 467 
27 | 94973) 95 031| 95 0891 95 148 | 95 206 | 95 264 | 95 322 
28 | 94 828| 94 886| 94 944] 95 003 | 95 061 | 95 119} 95177| 442 |. 
29 | 94 684/94 742] 94 800| 94 858 | 94 916 | 94 974 | 95 032 | 4) 14.2 
a] a's 
4 . 
30 | 94540] 94 599] 94 657| 94 715 | 94 773 | 94 834 | 94 889] | 71-9 
31 | 94 397| 94 456) 94514] 94 572 | 94 630 | 94 688 | 94 746 | S| 83-2 
32 | 942541 94 313] 94 371| 94 429 | 94 487 | 94.545 | 94.603 | 3| 133.6 
33 194112) 94 171| 94 229] 94 287 | 94 345 | 94 403 | 94 461 | 9 | 127-8 


34 | 93970) 94 029} 94 087| 94 145 | 94 203 | 94 264 | 94 319 
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Table 16 (continued) 


Tem- Corrected barometer reading Pop, mm Hg 
pera- Propor- 
ture, tional 
°C 751 | 752 | 753 754 755 | 756 | 757 parts 
Logarithm of multiplier F 
5 | 98 693] 98 754] 98 809] 98 866 | 98 924 | 98 981 | 99 039 
6 | 98537] 98 595) 98 653] 98 710 | 98 768 | 98 825 | 98 883 
7 | 98 381] 98 439] 98 497] 98 554 | 98 612 | 98 669 | 98 727 
8 | 98 226] 98 284] 98 342) 98 399 | 98 457 | 98 514 | 98 572 58 
9 | 98071] 98 129] 98 187] 98 244 | 98 302 | 98 360 | 98 417 a 
3| 17.4 
4| 23.2 
10 | 97917] 97 975| 98,033] 98 090 | 98 148 | 98 206 | 98 263] 3] 32:8 
44 |97 764] 97 822] 97 880] 97 937 | 97 995 | 98 052 | 98 110] 7] 40.6 
12 | 97641] 97 669] 97 727| 97 784 | 97 842 | 97 899 | 97 957 ; oS 


13 | 97 459] 97 516] 97 574| 97 632 | 97 690 | 97 747 | 97 805 
14 | 97 307| 97 364] 97 422] 97 480 | 97 538 | 97 595 | 97 653 


15 | 97 156] 97 213] 97 274] 97 329 | 97 387 | 97 444 | 97 504 
46 | 97005] 97 062] 97 120] 97 178 | 97 236 | 97 293 | 97 350 
17 | 96 854] 96 912! 96 970] 97 028 | 97 086 | 97 143 | 97 200 454 


18 | 96 704] 96 762| 96 820] 96 878 | 96 936 | 96 993 | 97 050} 1) 45. i 
19 | 96 555] 96 613] 96 671| 96 729 | 96 787 | 96 844 | 96 901 : eae 
0.4 

———_—_—_—_— |] 
20 | 96 406] 96 464] 96 522] 96 580 | 96 638 | 96 695 | 96 752 E 105.7 
21 | 96 258] 96 316] 96 374] 96 432 | 96 490 | 96 547 | 96 604 8 120 8 


22 | 96 114] 96 168] 96 226] 96 284 | 96 342 | 96 399 | 96 456 
23 | 95 964] 96 021| 96 079] 96 137 | 96 195 | 96 252 | 96 309 
24 | 95 817] 95 874] 95 932] 95 990 | 96 048 | 96 105 | 96 162 


ee EEE SEEN 


25 | 95 674| 95 728] 95 786] 95 844 | 95 902 | 95 959 | 96 016 
26 | 95525] 95 582] 95 640] 95 698 | 95 756 | 95 813 | 95 870 445 


27 | 95 380| 95 437] 95 495] 95 553 | 95 611 | 95 668 | 95 725| 4) 14.5 
28 | 95 235] 95 292| 95 350] 95 408 | 95 466 | 95 523 | 95 580] 2| 29-0 
29 | 95.090] 95 148] 95 206] 95 263 | 95 321 | 95 378 | 95 436 | 3) £3°5 
72.5 

elit ile. los alae oo eh ee 8 es 
30 | 94 947| 95 005] 95 062) 95 120 | 95 178 | 95 235 | 95 293 | 3] 116-0 
31 | 94 804] 94 862| 94 919] 94 977 | 95 035 | 95 092 | 95 150 | 9] 130.5 


32 | 94 664] 94 719] 94 776] 94 834 | 94 892 | 94 949 | 95 007 
33 | 94.519] 94 577| 94 634] 94 692 | 94 750 | 94 807 | 94 865 
34 | 94 377] 94 435] 94 492) 94 550 | 94 608 | 94 665 | 94 723 


nee Lee) een eer eee ease (aE Re PEE eer eel 


Table 16 (continued) 


Corrected barometer reading P9, mm Hg 


Propor- 
tional 


158 | 7189 | 760 764 | 762 763 | 164 parts 


Logarithm of multiplier F 


99 096| 99 153] 99 210) 99 267 | 99 324 | 99 381 
98 940] 98 997) 99 054) 99 114 | 99 168 | 99 225 
98 784] 98 841] 98 898] 98 956 | 99 013 | 99 070 
98 629) 98 636] 98 743] 98 801 | 98 858 | 98 915 
98 474] 98 531) 98 589] 98 646 | 98 703 | 98 760 


on 
“x 


OONMDOE Od 
Oe Whoo 

NOP OmMs— on 
i, cel Seu ec cess ce. eee 
WRONNO-s ee ~) 


98 320] 98 377] 98 435] 98 492 
98 167} 98 224] 98 281] 98 338 
98 014] 98 071] 98 128) 98 185 
97 862] 97 919] 97 976) 98 033 
97 710} 97 767| 97 824] 97 884 


= 
ao 
a 


97 558] 97 615] 97 683] 97 730 
97 407| 97 464] 97 522) 97 579 
97 257| 97 315] 97 372] 97 429 
97 107) 97 165} 97 222) 97 279 
96 958] 97 016} 97 083) 97 130 


WHO IMNS- Coho 
WNOONMAL We 
CBwWAIN TNR AoW 
On aronnars 


_e 


ra 
CM 
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96 809) 96 867] 96 924; 96 984 
96 661; 96 719] 96 776] 96 833 
96 513] 96 5741/ 96 628) 96 685 
96 366| 96 424] 96 481] 96 538 
96 219] 96 277] 96 334] 96 391 


DMO INMUE toto 
We OMNI he 
WOWOFrOhroOm 
a *te.eer te: osteo tes ies 
VLERWOWE MO 


ee 


96 073] 96 134] 96 188) 96 245 
95 927] 95 985} 96 042) 96 099 
95 782] 95 840] 95 897) 95 954 
95 637] 95 695] 95 752] 95 809 
95 493} 95 5541] 95 608) 95 665 


95 350] 95 407) 95 464} 95 521 
95 207 95 264] 95 321] 95 378 
95 064] 95 121] 95 178] 95 235 
94 922] 94 979} 95 036} 95 093 
94 780} 94 837} 94 894] 94 951 
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Table 16 (continued) 


Tem- Corrected barometer reading P, 
oa ig Po, mm Hg Prop or. 
ona 


ture, 
769 | 7170 | 774 parts 


°C 765 | 766 | 767 768 


99 339] 99 396] 99 453] 99 509 | 99 566 | 99 622 | 99 678 
99 183] 99 240] 99 297] 99 353 | 99 410 | 99 466 | 99 523 
99 028] 99 085] 99 142] 99 198 | 99 255 | 99 311 | 99 368 
98 8741 98 930| 98 987| 99 043 | 99 100 | 99 156 | 99 213 


on 


Logarithm of multiplier F 
99 495] 99 552] 99 609] 99 665 | 99 722 | 99 | 99 834 


98 720| 98 776| 98 833] 98 889 | 98 946 | 99 002 | 99 059 
98 906 


98 753 
98 600 
98 448 


98 566] 98 623| 98 680} 98 736 | 98 793 | 98 849 


DOUNMUT PM whe 
Ol Co D9 Dee ee 

SH OwWMNMD nen DP 
PONROR OIE 


98 413] 98 470] 98 527| 98 583 | 98 640 | 98 696 
98 261| 98 317| 98 374| 98 431 | 98 488 | 98 544 
98 109] 98 165] 98 222] 98 279 | 98 336 | 98 392 


97 807] 97 863} 97 920 

97 657| 97 713| 97 770| 97 827 | 97 884 | 97 940 
97 507| 97 563| 97 620| 97 677 | 97 734 | 97 790 
97 358] 97 414| 97 471] 97 528 | 97 585 | 97 641 


_ 


98 128 | 98 185 | 98 244 98 297 


15 |979 014] 98 074 
rl o7 97 977 | 98 034 | 98 090 


20 | 97 2091 97 265] 97 322| 97 379 | 97 436 | 97 492 
ie or 97 287 | 97 343 


COIM Om owpore 
WNODCYRe tom Ot 
noncacnon 
oe ee ew www 
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eas 


97 064| 97 117] 97 174] 97 231 

96 913] 97 969] 97 026| 97 083 | 97 139 | 97 195 
96 766] 96 822| 96 879] 96 936 | 96 992 | 97 048 
96 619] 96 675] 96 732| 96 789 | 96 845 | 96 901 


25 | 96 473] 96 529] 96 586] 96 643 | 96 699 | 96 755 
96 553 | 96 609 


26 | 96 327] 96 383] 96 440] 96 497 

27 | 96 182] 96 238] 96 295] 96 352 | 96 408 | 96 464 
28 | 96037| 96 093] 96 150] 96 207 | 96 263 | 96 319 
29 | 95 893] 95 949] 96 006} 96 062 | 96 119 | 96 175 


14. 
29 
43. 


DDBAIMUM Po tow 
we Oow-ln 
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oe ee we 3 
nononouon 


eee 


30 | 95749] 95 806] 95 863] 95 919 | 95 976 | 96 032 
341 | 95 606| 95 663] 95 720) 95 776 | 95 833 | 95 889 
32 | 95 463) 95 520] 95 577| 95 633 | 95 690 | 95 746 
33 | 95 321] 95 378] 95 435) 95 494 | 95 548 | 95 604 
95 179} 95 236) 95 293] 95 349 | 95 406 | 95 462 
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Table 16 (continued) 


Tem- Corrected barometer reading Pp, mm Hg 


pera- Propor- 
ture, | | ~I tional 
°c 172 | 173 774 175 176 777 | 7178 parts 
Logarithm of multiplier ’ 
5 | 99 890] 99 946] 00 002) 00 058 | 00 114 | 00 170 | 00 226 56 
6 | 99734] 99 790] 99 846] 99 902 | 99 958 | 00 0144} 00070] 1) 5-8 
7 | 99.579] 99 635] 99 691] 99 747 | 99 803 | 99 859 | 99 914 | 2) 11-2 
8 | 99424] 99 480] 99 536] 99 592 | 99 648 | 99 704| 99 759] 4| 2214 
9 | 99 269] 99 325] 99 381) 99 437 | 99 493 | 99 549 99 605 | 5] 28.0 
eee, 7/ 39.2 
8] 44.8 
10 | 99 115] 99 174] 99 227] 99 283 | 99 339 | 99 395] 99 451 | 9! 50-4 
41 | 98 962] 99 018] 99 073] 99 129 | 99 185 | 99 241 | 99 297 
12 | 98809] 98 865] 98 920] 98 976 | 99 032 | 99 089 | 99 144 
13 | 98 656| 98 712) 98 768] 98 824 | 98 880 | 98 937 | 98992] 42, 


14 | 98 504] 98 560] 98 616] 98 672 | 98 728 | 98 784 | 98 840 


1 15.4 

2 30.8 

io a ype Sp ee ee ape ee ee he 46.2 

45 | 98353] 98 409] 98 465| 98 521 | 98 577 | 98 633 | 98 68g | 4] £4:8 

16 | 98 202| 98 258] 98 314] 98 370 | 98 426 | 98 482 | 98538 | 6| 92-4 

17 | 98 052] 98 108] 98 164] 98 220 | 98 276 | 98 332 | 98 388 | 3} 192-8 

18 | 97902] 97 958] 98 014] 98 070 | 98 126 | 98 182 | 98 238 | 9| 138.6 

19 | 97753] 97 800| 97 865| 97 921 | 97 977 | 98 033 | 98 089 

20 | 97.604] 97 660| 97 716] 97 772 | 97 828 | 97 904|97940| . 148 

21 | 97 456] 97 512] 97 568] 97 624 | 97 680 | 97 736 | 97 792 | 4] 44-8 

22 | 97 308] 97 364| 97 420] 97 476 | 97 532 | 97 588 | 97 644] 3] 44.4 

23 |97 161] 97 217/97 273] 97 329 | 97 385 | 97 441 | 97 497 | 4] 59-2 

24 |97 014] 97 070} 97 126) 97 182 | 97 238 | 97 294 | 97 350] 3} 34-8 

| 7) 103.6 

8] 118.4 

9/133.2 


25 | 96 868} 96 924! 96 980] 97 036 | 97 092 | 97 148 | 97 204 
26 | 96 722] 96 778) 96 834] 96 890 | 96 946 | 97 002 | 97 058 
27 | 96 577| 96 633] 96 689] 96 745 | 96 801 | 96 858 | 96 913 


28 | 96 432| 96 488] 96 544] 96 600 | 96 656 | 96 712] 96 768] 442 
29 | 96 288| 96 344] 96 400} 96 456 | 96 512 | 96 568 | 96 624) 1) 14.2 

i) se: 
30 | 96 145] 96 201] 96 257] 96 313 | 96 369 | 96 425 | 96 481 | 5] 71.0 
31 | 96 002| 96 058] 96 114] 96 170 | 96 226 | 96 282 | 96 338 | 7] 83-7 
32 | 95 859] 95 915] 95 971] 96 027 | 96 083 | 96 139 | 96 195 | 8] 113°6 
33 | 95 717] 95 773] 95 829] 95 885 | 95 941 | 95 997 | 96 053 | 9| 127.8 


34 | 95 575) 95 631! 95 687] 95 743 | 95 799 | 95 855 | 95 911 
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Table 16 (continued) 
B. Vapour Pressure over Water and over Absorbing Solutions 


KOH Solution, concentration 
of KOH ing per 100g Saturated 
Water of water NaCl 
solution 


Tempcra- 
ture, °C 


Tempcra- a 
ture, °C 10 | 20 | 30 | 40 


Vapour pressure (P,), mm Hg 
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Table 16 (continued) 
C. Densities of Gases and Vapours (p) 


(Mass of one litre of gas or vapour in grams or one millilitre 
in milligrams under standard conditions) 


» g/l 
Formula afl | log p 


rg 1.7837 25 132 
Arsenic pentafluoride .. . | 7.74 88 705 
Arseniuretted hydrogen, ar- 
sine 3.740 57 287 
Boron fluoride 3.21 50 650 
Dichlorodifluoromethane, fre- 
on 12 5.510 74 115 
Methane 0.7168 85 540 
Acetylene, ethyne : 06 930 
Ethylene, olefiant gas, ethene | 1. 10 054 
Ethane ‘ 13 245 
Propylene, propene .... | 14. 28 713 
30 344 
40 123 
42 693 
53 870 
64 924 
. 70 157 
Methyl chloride . 36 310 
Methyl fluoride . 18 898 
Chloroform ; 72 288 
Methylamine ; 14 489 
Dimethylamine : 34 994 
Trimethylamine : 41 814 
Ethylamine : 30 408 
Methanol, methyl alcohol . . F 15 412 
Ethanol, ethyl alcohol .. . : 31 027 
Butanol, butyl alcohol .. . Z 51 108 
Cyan, dicyan ; 36 829 
Dimethyl ether : 32 424 
Carbon monoxide ; 09 705 
Carbon dioxide ....... 29 598 
Carbon oxychloride, phosgene | 3. 58 995 
Carbon oxysulphide.... : 43 473 
Chlorine , 50 705 
Chlorine dioxide ; 50 654 
Fluorine i 22 943 
Germanium hydride .... ; 53 403 
Digermane . , 85 914 
Hydrogen ; 95 366 
Hydrogen bromide -6445 56 164 


Formula 


Formaldehyde 
Hydrogen chloride 
Hydrogen fluoride 
Hydrogen iodide 
Steam 

Hydrogen sulphide 
Hydrogen selenide 
Hydrogen telluride 


Nitrogen 

Air, mean value 
Ammonia 
Nitrous oxide 
Nitrogen oxide 
Nitrogen dioxide 
Nitrosyl chloride 
Nitrosyl fluoride 


Ozone . 

Oxygen fluoride 

Hydrogen phosphide, phos- 
h 


Silane, silicane 
Disilicane 
Dimethylsilane 
Methylsilane 
Chlorosilane 
Methylchlorosilane 
Methyldichlorosilane . . 
Trifluorosilane 
Tungsten fluoride 
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Table 16 (continued) 


p, 1 
| Bef 


18 452 
76 380 
59 184 
68 124 
98 814 
84 386 
46 641 
60 097 
74 744 
67 062 
15 836 
45 484 
43 616 
31 806 
48 144 
56 110 
72 428 
58 659 
11 059 
76 723 
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Table 16 (continued) 


D. Gasometric (Volumetric) Determination of Gas-Forming 
Substances 


i ml of 
Unknown substance measured gas 
under stan- 
Mea- | dard condi- 
sured | tions corres- 
gas ponds to f’ 
formula mg of the 
unknown 
substance 


Aluminium . 0.8019 
Carbon O 0.53954 
Carbonate-ion . 2.6956 
Urea N 2.6809 
Calcium carbide .... 2.8877 
Calcium carbonate ... 4.4960 
Calcium fluoride .... i 7.0278 
i 3.4200 
2.4899 
Nitric acid 2.8144 
Hydrogen peroxide (treat- 
ed with KMnO,) ... 1.5194 
Hydrogen peroxide (cata- 
lytic decomposition) 3.0382 
Potassium permanganate 
(treated with H,0,) 2.8231 
Potassium nitrate ... 4.5159 
Magnesium . 1.0839 
Magnesium carbonate . . 3.7877 
Nitrogen , 0.62560 
Ammonium nitrate ... 3.5754 
Nitrate-ion 2.7694 
Nitrous anhydride ... 4.6975 
Nitric anhydride... . 2.4121 
Sodium nitrate 3.7962 
Nickel 2.6175 
Sodium peroxide ....j]0O 6.965 
2.9145 
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Table 18 


Densities and Concentrations of Solutions 


A. Densities and Concentrations of Nitric Acid Solutions* 


HNOs concentration HNO3 concentration 
ety, at |g per 100g Density at |gper 100g 
20°C, g/cm3s of ol: mole/1 20°C, g/cm3 of solu- mole/1 
(wt. %) 
1.005 4.255 
1.010 2.164 0.3468 
1.015 3.073 0.4950 
4.020 3.982 0.6445 
1.025 4.883 0.7943 
1.030 5.784 0.9454 
1.035 6.661 1.094 
1.040 7.530 1.243 
1.045 8.398 4.393 
1.050 9.259 1.543 


1.000 0.3333 | 0.05234 
0.2001 


EP PE | | Pp pp p> > p> 
wo 
oO 
no 
ix) 
wo 
[o%s) 
me 
oO 
— 
be 


* For the use of the table, see p. 470. 
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Table 18 (continued) 


HINOs concentration HNOs concentration 


Density at |g per 100¢ Density at |g per 100g 
20°C, g/cms of solu- mole/1 20°C, g/cms of roca 
mn 


(wt) 


mole/I 


56.95 ; ; 49.09 
57.87 9: 19.51 
” 19.95 

20.43 

20.92 

24.48 

22.41 

22.65 


HeSO« concentration HgSO«4 concentration 


Density at per 100g Density at |g per 100g 
20°C, g/ems | © of solu- mole/l || 20°C. e/ems ton mole/l ° 
on 


* For the use of the table, see p. 470. 
11—1845 
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Tuble 18 (continued) 


HeSO4 concentration HeSO« concentration 
Density at |g per 100g Densily ato |g per 1uU g¢ 
20°C, g/em3 of solu- mole/l || 20°C, g/em3 ots mole/l 
(wt.%) (wt.% 

4.090 13.36 1.484 1.300 39.68 5 259 
4.095 14.04 4.567 4.305 40.25 5 356 
1.400 14.73 4.652 4.310 40 .82 5 452 
4.105 15.41 1.735 4.315 44.39 5.549 
4.110 16.08 4.820 4.320 44.95 5.646 
4.415 16.76 4.905 4.325 42.54 5.743 
4.120 17.43 4.990 4.330 43.07 5.840 
4.425 48.09 2.075 4.335 43.62 5.938 
4.130 18.76 2.464 1.340 44.47 6.035 
4.135 19.42 2,247 1.345 44.72 6.132 
1.140 20.08 2.334 1.350 45.26 6.229 
4.145 20.73 2.420 4.355 45.80 6.327 
4.450 24.38 2.507 41.360 46 .33 6.424 
1.155 22.03 2.594 1.365 46.86 6.522 
1.460 22.67 2.684 4.370 47 39 6.620 
4.465 23.34 2.768 4.375 47 92 6.718 
4.470 23.95 2.857 4.380 48.45 6.817 
4.475 24.58 2.945 1.385 48 .97 6.915 
4.180 25.21 3.033 4.390 49.48 7.012 
4.185 25.84 3.122 4.395 49.99 7.4110 
4.190 26.47 3.211 1.400 50.50 7.208 
1.195 27.10 3.302 1.405 51.01 7.307 
4.200 27.72 3.391 1.410 51.52 7.406 
4.205 28.33 3.484 1.445 52.02 7,505 
1.210 28.95 3.572 1.420 52.54 7.603 
4.215 29.57 3.663 1.425 53.04 7.702 
1.220 30.18 3.754 1.430 53.50 7.801 
4.225 30.79 3.846 1.435 54.00 7.901 
4.230 31.40 3.938 1.440 54.49 8.000 
1,235 32.04 4.034 1.445 54.97 8.099 
1.240 32.64 4.123 4.450 55.45 8.198 
1.245 33.22 4.216 1.455 55.93 8.297 
4.250 33.82 4.340 1.460 56.44 8.397 
1.255 34.42 4.404 4.465 56.89 8.497 
4.260 35.01 4.498 1.470 57.36 8.598 
1.265 35.60 4,592 1.475 57.84 8.699 
4.270 36.49 4.686 1.480 58.31 8.799 
4.275 36.78 4,781 1.485 58.78 8.899 
41.280 37.36 4.876 1.490 59 24 9.000 

1.495 59.70 9.100 


60.17 9.202 
9.303 
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Table 18 (continued) 
HeSOa concentration HaSO4 concentration 


Density at |e@ per 100¢g Density at g per 100¢ 
20°C, g/em3 oe mole/) 20°C, g/cm eg mole/l 
(wt.%) 


61.08 
61.54 
62.00 
62.45 
62.94 
63.36 


a 
ot 
= 
(i) 


1. 
1, 
1. 
1, 
1, 
1. 
1, 
1, 
1. 
1. 
1. 
1. 
1; 
1. 
1, 
1. 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1.6: 
1. 
di: 
1. 
1. 
1. 
1. 
1.6 
1. 
1, 
1. 
1, 


RRR epee 
oie Se eer een ae ee eee 


— 
co 
w 
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Table 18 (continued) 
C. Densities and Concentrations of Hydrochloric Acid Solutions* 


HCI concentration HC! concentration 


Density at |g per 100g Density at |g per 100g 
» g/em3 


20°C, g/cm3 | ~ of solu- mole)! |} 20°C of solu- mole/} 


0.09872 
0.3748 | 
0.6547 
0.9394 


Concentrations of Hydrochloric Acid Having Constant Boiling Point 


Atmospheric pres- 

sure during dis- 

tillation, mm H 780 770 780 750 740 730 
Hydrochloric aci 

concentration 

(reduced to a va- 

cuum), g of HCl 

er 100 g of so- 

ution... .. 20.173 20.197 20.2214 20.245 20.269 20.293 
Mass of distillate 

containing exac- 

tly 4.mole of HCl 

(weighing per- 

formed in air), g 180.624 180.407 180.193 179.979 179.766 179.551 


* For the use of the table, see p. 470. 
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Table 18 (continued) 
D. Densities and Concentrations of Phosphoric Acid Solutions* 


HgPOs, concentration HgPO,4 concentration 


Density at |g per 100g Density at |g per 100g 


20°C, g/em3 | of solu- mole/l 20°C, g/em3 oe: mole/1 


1, 
4. 
4, 
1, 
1, 
1, 
1, 
1, 
1, 
1. 
1, 
1. 
4. 
1, 
4. 
1, 
1. 
1. 
1. 
1s 
4, 
1. 
1, 
1, 
1. 
1, 
1. 


* For the use of the table, see p. 470. 
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Table 18 (continued) 
H3P0O«4 concentration HgPO, concentration 


Density at |g per 100g Density at |g per 100¢ 


20°C, g/cm3 of solu- mole/1 20°C, g/cm3 of solu- mole/l 
n 


8.004 
8.112 
8.224 


4 
1. 
1. 
1. 
1, 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1, 
1. 
1, 
1. 
1. 
1. 
1. 
1, 
1. 
1, 
1, 
1, 
1, 
1. 
1. 
1. 
4. 
1.: 
1. 
1. 
1. 
4. 
1. 
4, 
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Table 18 (continued) 


H3P0,4 concentration H3P04 concentration 


Density at |g per 100g Density at |g per 100g 


20°C, g/cm3 of solu- mole/l 20°C, g/ems of solu- mole/1 
(wt.%) (wt.%) 

1.810 95.37 | 17.62 4.845 98.10 | 18.47 
1.815 95.76 | 17.74 4,850 98.48 | 18.60 
4.820 96.15 | 17.85 4.855 98.86 | 18.72 
1.825 96.54 | 17.98 4.860 99.24 | 18.84 
1.830 96 .93 18.10 1.865 99 .62 18.96 

4.870 100.00 | 19.08 


1.835 97 .32 18.23 
: 97.71 ‘ 


HC10O4 concentration HC1Oq concentration 


Density at Density at |g per 100g 
20°C gems . pe belie molest 20°C, g/em3 oe mole/1 
cwte%) baie 
pee ce ey rarer 
18.88 2.105 
19.57 2.194 
20.26 2.279 
20.95. 2.367 
21.64 2.456 
22.32 2.544 
22.99 2.632 
23.65 2.749 
24.30 2.806 
2.892 
2.978 
3.064 
3.150 
3.237 


0.1004 


ee pede ee ee ee ee ee ee 
je viet ee Yer for SL et we, a Oh sare 


— 

rs 

ee ee > 
ee 2 


1, 
1, 
1, 
1. 
1, 
1, 
1. 
1, 
1, 
1, 
4. 
1. 
dy 
1, 
1. 
1. 
4. 
1, 
1, 
1. 
1, 
1. 
1. 


* Por the use of the table, see p. 470. 
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Table 18 (continued) 


HC104 concentration HC104 concentration 


Density at |g per 100g 
20°C, g/cm3 of polus mole/} obec elena . tr cole” 


t mole/1l 
(wt.%) 


ti 
(wt.%) 


52.89 | 7.607 
53.27 | 7.689 
53.65 | 7.770 
54.03 | 7.852 
54.41 | 7.934 
54.79 | 8.047 
55.17 | 8.100 
55.55 | 8.183 
8.267 

8.352 

8.436 

8.519 

8.605 

8.689 

8.772 

8.857 

8.942 

9.028 

9.146 

9.203 

9.290 

9.377 

9.465 

9.553 

9.644 

9.730 

9.819 


—_ 
rs 
> 
on 


1, 
1. 
4, 
1. 
1, 
1. 
1. 
1. 
1. 
1, 
1. 
1. 
1. 
1, 
1, 
1, 
1, 
1. 
1. 
1. 
1, 
1. 
1, 
1. 
1. 
1, 
1. 
1, 
1 
4. 
1. 
1. 
1. 
4. 
1, 
1, 
1, 
1, 
1, 
1.6 
1. 
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Table 18 (continued) 


HClO, concentration HClO concentration 


Density at |g per 100g Density at |g per 100¢g 
20°C, g/cm3 of polue mole/1 20°C, g/cms of solu- mole/l 
on 


tion 
(wt. %) (wt. %) 


1.655 68 64 11.34 1.670 69.77 11.60 
1.660 69.02 41.40 1.675 70.15 11.70 


1,665 69.40 11.50 


F. Densities and Concentrations of Acetic Acid Solutions* 


CH 3COOH concentration CHsCOOH concentration 
pe oe 


Density sper 100 Density at |g per 100g 
20°C, gems ot aoliice motes) 28°C, s/ems | of solu- | mole, 
jon i 
(wt. %) (wt. %) 
1.000 1.20 0.200 4.050 40.2 7.03 
1.005 4.64 0.777 1.055 46.9 8.24 
1.010 8.14 1.37 1.060 53.4 9.43 
1.015 11.7 1.98 $085 61.4 10.9 
1.020 15.4 2.61 1.070 77-79** |13.7-14.4 
1.025 19.2 3.27 1.065 91.2 16.2 
1.030 23.1 3.96 1.060 95.4 16.8 
1.035 27.2 4.68 1.055 98.0 17.2 
1.040 31.6 5.46 1.050 99.9 17.5 
1.045 36.2 6.30 


** Acetic acid, in the given limits of concentration, has a density of 
1.0700 g/cm8 with deviations of less than 0.0001. Siuce density decreases 
with a further increase in concentration, then in order to determine the 
concentration from two possible ones that meets the density found (for exam- 
ple, the density of the solution is 1.060 g/cm3;, will its concentration be 
53.4% or 95.4%), a little water is added to the acctic acid test. If the den- 
sity decreases, a lower concentration is taken (in the given case, Paria 
and if it increases, a higher concentration is taken (in the given case, 95.4% 


G. Densities and Concentrations of Potassium Hydroxide Solutions* 


KOH concentration KOH concentration 


Density at |g@ per 100g Density at |g per 100¢ 


20°C, wlemP | Of Solu || mmoles: i “2O°G) efem> || oF Sole Vale 
(wt. %) (wt. %) 

4.000 0.197 0.0351 1,045 1.84 0.333 

1.005 0.743 0.133 1.020 2.38 0.433, 

4.010 1.29, 0.233 1.025 0.536 


ee pe 
* For the use of the table, see p. 470. 
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Table 18 (continued) 


KOH concentration KOH concentration 


Density an g per i00g Density at |g per 100g 
20°C, g/cm Of solr mole/1 20°C, g/cm3 ee mole/1 
(wt. %) (wt. %) 


25.36 
25.85 
26.34 
26.83 


INOWOMUINAP MOM 
BROSVORO 
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6. 
6 

6. 
6. 
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7. 
7. 
7. 
7. 
7. 
7. 
8. 
8 

8. 
8. 
8. 
8 

8 

9. 
9 

9. 
9. 
9. 
9. 
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Table 18 (continued) 


KOH concentration KOH concentration 


Density at |g per 100g Density at |g per 100g 

20°C 3 iS ° 3 = 

0°C, g/cm: ot eo mole/] 20°C, wea of solu mole/] 
(wt. %) 


1.450 44.79 | 11.58 1.495 48.67, | 12.97 
41.455 45.23 | 14.73 4.500 49.10 | 13.43 
4.460 45.66 | 14.88 4.505 49.53 | 13.29 
1.465 46.09, | 12.04 4.540 49.95 | 13.45 
4.470 46.53. | 12.49 4.545 50.38 | 13.60 
1.475 46.96 | 12.35 4.520 50.80 | 13.76 
4.480 47.39 | 12.50 4.525 51.22 | 13.92 
4.485 47.82 | 12.66 4.530 51.64 | 14.08 
1.490 48.25 |.42.82 4.535 52.05 | 14.24 


H. Densities and Concentrations of Caustic Soda Solutions* 


NaOH concentration 


NaOH concentration 
Dens Density at |g per 100¢ 
20°C, wens . of Folie 20°C, g/ems of solu- mole/1 
tion mole/1 tion 
(wt. %) (wt. %) 
see a ane ees a ee 
41.000 0.159 | 0.0398 4.405 9.64, | 2.664 
4.005 0.602 | 0.454 4.440 40.40 2802 
1.010 1.04, | 0.264 4.445 10.55, | 2.942 
1.015 1.49 0.378 4.120 41.01 3.082 
4.020 4.94 0.494 4.125 11.46 3.224 
4.025 2.39 0.614 4.130 14.92 3.367 
1.030 2.84 0.731 4.135 12.37 3.540 
4.035 3.29 0.854 4.140 12.83 3.655 
4.040 3.745 0.974 4.145 13.28 3.801 
1.045 4,20 4.097 4.450 43.73 3.947 
4.050 4655 4.222 4.155 14.18 4.095 
4.055 5.44 4.347 4.4160 14.64 4.244 
4.060 5.56 4,474 4.165 45.09 4.395 
4.065 6.02 4.602 4.170 15.54 4.545 
4.070 6.47 4.734 4.175 15.99 4.697 
4.075 6.93 4.862 4.4180 16.44 4.850 
4.080 7.38 4.992 4.185 46.89 5.004 
4.085 7.83 2.123 4.190 47.34, | 5.4160 
4.090 8.28 2.257 4.195 47.80 5.317 
4.095 8.74 2.394 4.200 18.25, 5.476 
4.100 9.19 2.527 4.205 18.74 5.636 


* For the use of the table, see p. 470. 
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Table 18 (continued) 


NaOH concentration 


NaOH concentration 


Pp 
eo ee 


Density at |g ner 100g Density at |g per 100g 
20°C, g/cems ar aad mole/] 20°C, g/cems Br Peed mole/1 
= (wt. %) 

1.210 19.16 9.796 1.375 34.52 14.86 
4.215 19.62 5.958 1.380 35.01 12.08 
4.220 20.07 6.122 1.385 35 .50, 12.29 
4.225 20.53 6.286 1.390 36.00 12.54 
1.230 20.98 6.4541 1.395 36.49, 12.73 
41.235 21.44 6.619 1.400 36 .99 12.95 
1.240 21.90 6.788 41.405 37 .49 13.17 
1.245 22.36 6.958 4.410 37 .99 13.39 
1.250 22.82 7.129 1.415 38.49 13.64 
1.255 23.27, 7.302 1.420 38 .99 13.84 
41.260 23.73 7.475 1.425 39.49, 14.07 
1.265 24.19 7.650 4.430 40.00 14.30 
1.270 24.64, 7.824 1.435 40.541, 14.53 
1.275 25.10 8.000 1.440 41.03 14.77 
4.280 25.56 8.178 1.445 41.55 15.04 
4.285 26 .02 8.357 1.450 42.07 15.25 
41.290 26 .48 8.539 1.455 42.59 15.49 
1.295 26.94 8.722 1.460 43.12 15.74 
1.300 27.41 8.906 1.465 43.64 15.98 
1.305 27 .87 9.092 4.470 44.17 16.23 
1.310 28 .33 9.278 1.475 44.69, 16.48 
1.345 28 .80 9.466 1.480 45 .22 16.73 
1.320 29.26 9.656 1.485 45.75 16.98 
4.325 29.73 9.847 1.490 46 .27 17.23 
1.330 30.20 10.04 4.495 46 .80 17.49 
1.335 30.67 10.23 1.500 47 .33 17.75 
1.340 31.14 10.43 4.505 47.85 18.00 
4.345 31.62 10.63, 4.510 48.38 18 .26 
1.350 32.410 10.83 4.515 48.90, 18.52 
395 32.58 11.03 520 49.44 18.78 


I. Densities and Concentrations of Ammonia Solutions* 


NHg3 concentration NHs concentration 


Density at |g per 100¢ Density at |g per 100g 
20°C, g/cm8s a ete mole/1 20°C, gyem3 Oh sal: mole/l 
(wt. %) (wt. %) 
0.998 


0.0485 | 0.0273 | 0.994 | 0.977 | 0.570 


0.996 0.512 0.299 1.43 


*For the use of the table, see p. 470. 


0.992 0.834 
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Table 18 (continued) 


NHsg concentration NHsg concentration 


Density at per 100 Density at er 100 

20°C, g/cm3 J of solu-» mole/l 20°C, g/em? of solu-» mole/1 
(wt. %) (wt. %) 
0.990 4.89 | 1.10 0.934 | 16.65 | 9.13 
0.988 2.35 1.36; 0.932 17.24 9.44 
0.986 2.82 1.63, 0.930 47.85 9.75 
0.984 3.30. 1.91 0.928 18.45 10.06 
0.982 3.78 2.18 0.926 419.06 10.37 
0.980 4.27 2.46 0.924 19.67 10.67 
0.978 4.76 2.73 0.922 20.27 10.97 
0.976 5.29 3.01 0.920 20.88 11.28 
0.974 5.75 3.29 0.918 24.50 11.59 
0.972 6.25 3.57 0.916 22.12, 44.90 
0.970 6.75 3.84 0.914 22.75 412.24 
0.968 7.26 4.12 0.912 23.39 12.52 
0.966 7.77 4.44 0.910 24.03 12.84 
0,964 8.29 4.69 0.908 24.68 13.16 
0.962 8.82 4.98 0.906 25.33 13.48 
0.960 9.34 5.27 0.904 26.00 43.80 
0.958 9.87 5.55 0.902 26 .67 14.12 
0.956 10.40, 5.84 0.900 27.33 14,44 
0.954 410.95 6.43 0.898 28 .00 14.76 
0.952 11.49 6.42 0.896 28 .67 15.08 
0.950 12.03 6.74 0.894 29.33 15.40 
0.948 12.58 7.00 0.892 30.00 15.74 
0.946 13.44 7.29 0.890 30.68, 16.04 
0.944 13.71 7.60 0.888 31.37 16.36 
0.942 14.29 7.941 0.886 32.09 16.69 
0.940 14.88 8.24 


8.52 
8.83 


NagCOs (anhydrous) 
concentration 


NasCO3 (anhydrous) 
concentration 


De 
20°C, ome & per 100¢ 


Density at g per 100g 
of solu- : 


20°C, g/cm: 


tion mole/l 
(wt. %) 
4.000 0.19 0.018 1:025 2.57 0.248 
4.005 0.67 0.063, 4.030 | 3.05 0.296 
4.010. 1.14 | 0.109 1.035 3.54 0.346 
4.015 1.62 0.155 1.040 4.03 0.395 


1.020 2.40 0.202 4.045 4.50 0.444 
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Table 18 (continued) 


NagCO3 (anhydrous) NaaCOg (anhydrous) 
concentration concentration 
Density at Density at 
20°C, g/cm 20° 3 | per 100g 
g/ 0°C, g/cm of, solu- santas 
(wt. %) 
1.050 4.98 0.493 4.125 12.05 4.279 
1.055 5.47 0.544 4.130 12.52 4.335 
1.060 5.95 0.595 4.135 13.00 1.392 
1.065 6.43 0.646 4.140 13.45 1.446 
1.070 6.90 0.696 1.145 13.90 4.501 
1.075 7.38 0.748 4.150 14.35 1.557 
4.080 7.85 0.800 1.155 14.75 1.607 
1.085 8.33 0.853 4.160 15.20 1.663 
1.090 8.80 0.905 4.465 15.60 1.714 
1.095 9.27 0.958 1.170 16.03 1.769 
: ; : 1.175 16.45 1.823 
2 : 1.180 16 .87 1.878 
. : 4.185 17.30 1.934 
‘ ; i 4.190 17.70 1.987 


K. Densities and Concentrations of Selected Commercial 
Reagents 


Concentration 
Reagent o0eC. Bien’ 
wt. % mole/l1 

Acetic acid, analytical grade 

and pure........ <1.0549 > 98 > 17.24 
Acetic acid, glacial, che- 

mically pure...... < 1.0503 > 99.8 2 17.45 
Ammonia solution, concen- 

trated... 1.2 ee ee 0.901-0.907 | 25.0-27.0 | 13.32-14.28 
Hydrobromic acid... . 1.486 46.85 8.6 
Hydrochloric acid . . . .| 4.174-4.185 | 35.0-38.0 | 11.27-12.38 
Hydrofluoric acid, analyti- 

cal grado ....... 21.128 >40 222.59 
Hydrofluoric acid, pure 21.116 >35 219.52 
Hydroiodic acid ..... 4.50-1.55 | 45.3-45.8 5.34-5.55 
Nitric acid, “strong” . .| 1.372-1.405 | 60.7-68.0 | 13.28-15.16 
Nitric acid, “weak” . . .| 1.337-1.367 | 54.0-60.0 | 141.41-13.02 


ST EEE EEEEEE eee 
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Table 18 (continued) 


Concentration 
Reagent absG eons 
wt. % mole/1 
perenlorie acid ..... 4.206-1.220 | 30.0-31.61 | 3.60-3.84 
osphoric acid, analytical 
fede pA), a esha . . .)) Bt.719 288 >15.43 
Phosphoric acid, pure . .| 21.713 287.5 215.29 


Sulphuric acid ... «| 1.83-4.835 | 93.56-95.60 | 17.46-17.88 
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Table 20 


Ionic Product of Water at Temperatures 
Ranging from 0°C to 100°C 


Kw=4y+Xaoq- WKwy=aqt= 2on- 


XS 
Z| 


40-14.96 
{0-14.76 
{0-14.83 
40-14.34 
40-14.30 
40-14.26 
4Q-14.22 
4Q-14.19 
40-14.16 
4Q-14.12 
40-14.09 
40-14.06 
40-14.03 
40-14.00 
4Q-13.96 
{0-13.93 
40-13,89 
{0-13.86 
{0-13.83 
40-13.80 
{0-13.77 
4Q-13.74 
4Q-13.71 
{0-13.68 
40-13.65 
4Q-13.62 
4Q-13.59 
40-13.56 


Phin dead 


Hed eed 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 
0. 
0. 
1. 
1. 
1. 
1. 
1 
1 
1. 
1 
1 
1 
4 
1 
1 
1. 
1 
1 
2. 
3. 
3. 
3. 
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Table 22 


lenization Constants of indicators 
(pK; at different ionic strength) 


‘(¢== temperature of experiment) 


A. Monochromatic Indicators 


pKi (at a zero pKi (t=20°C) 
ionic strength 

Ind{cator and different Tonic strength, » 
verbena tires 

‘A=t—20°C 0.01]0.05| 0.4 | 0.4 


Pentamethoxy red {1.86 + 0. ee Al — |1.86)1.86 — 
Quinaldine red 2.63 — 0.007 A}2.80] — |2.90| 3.10 
a-Dinitrophenol 4.10 — 0.006 A] — |3.95]3.90} 3.80 (KCl) 


B-Dinitrophenol 3.70 — 0.006 A 3.95] 3.90| 3.80 (KCl) 
y-Dinitrophenol 5.20 — 0.00454 5.42/5.10] 5.00 (NaCl) 
p-Nitrophenol 7.00 — 0.011 A — 

m-Nitrophenol 8.35 —0.01 A 8.15 (NaCl) 


B. Dichromatic Indicators 


8.30|8.25 


pKi (t=20°C) 


K 
Indicator (onic a renetli a Tonic strength, p 
7% 0.01 | 0.05 | 0.4 | 


Thymol blue (acid 
region)* .. . . | 1.65 (15-30°C))| — {1.65} 1.65] 1.65 
Methyl orange* 3. er 0. 014 [3.46] 3.46] 3.46] 3.46 


(t = 20°C) 
Bromophenol blue | 4.10 (15-20 °C) | 4.06] 4.00] 3.85 | 3.75 (KCl) 


Bromocresol blue 
(bromocresol 


green) ..... 4.90 (15-30 °C) | 4.80] 4.70] 4.66] 4.50 (KCl) 
4.42 (NaCl) 
Mothyl red* . . . ies pas .006 |5.00]5.00]/5.00; 5.00 
t= 2 
Chlorophenol red 6.25 — 0. a 6.15|}6.05)6.00/5.9 (KCl) 
(t = 20°C 5.85 (NaCl) 
Bromocresol purple | 6.40 — 0.005 |6.28)6.21/6.12|5.9 (KCl) 
t = 20°C) 5.8 (NaCl) 
Bromothymol blue | 7.30 (15-30 °C) | 7.19] 7.13}7.10} 6.9 (KCI) 
6.8 (NaCl) 
Phenolred ....| 8.00—0.007 |7.92]7.84/7.81)7.6 (KCl) 
= 20° 7.5 (NaCl) 


(t = 20°C) 
Thymol blue . . . | 9.20 (45-30 °C) |9.01 |8.95|8.90 aE 


* Methyl orange. 1 methy) ae, and thymol blue (acid region) have an 
advantageous e, i.e., their constants ae scarcely affected by the 
electrolytes present, up to an ionic strength of 0.5. 
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Table 24 


Universal Indicators 


4. 100 mg of phenolphthalein, 200 mg of methyl red, 300 m 
of methyl yellow, 400 mg of bromothymol blue and 500 mg of thymo 
blue are dissolved in 500 ml of 96% alcohol, then 0.1 solution of 
cau soda is added until the appearance of a pure yellow colour 
pH 6). 

Colour. . Red Orange Yellow Green Blue 
pH... 2.0 4.0 6.0 8.0 10.0 

2. 45 ml of 0.1% solution of methyl yellow, 5 ml of 0.1% solution 
of methyl red, 20 m! of 0.1% solution of bromothymol blue, 20 ml 
of 0.1% solution of phenolphthalein and 20 ml of 0.1% solution of 
thymolphthalein are mixed. 


Colour ...... Pink Red-orange Orange 

BE ieee, en aeg 1.0 3.0 4.0 

Color ...... Yellow-orange Lemon yellow Yellow-green 
113 (ie sera Ser ners .0 6.0 7.0 

Color ...... Green Blue-green Violet 

pH 9.0 10.0 


3. 70 mg of tropeolin 00, 100 mg of methyl orange, 80 mg of methyl 
red, 400 mg of bromothymol blue, 500 mg of phenolphthalein and 
100 mg of alizarin yellow R are dissolved in 100 ml of 50% alcohol. 


Colour ...... Orange-red Red-orange Orange 
Piss 5 hea sie nt 2.0 3.0 4.0 
Colour ...... Yellow-orange Orange-yellow Yellow 

DEL sa: ees ae & 5.0 6.0 6.5 

Colour . .... . Green-yellow Green Green-blue 
PH ete ee ee 7.0 8.0 9.0 
Colour. ..... Blue-violet Violet Red-violet 
PHO. ee oe ee 9.5 10.0 12.0 


4. 100 mg of methyl] red, 100 mg of bromothymol blue, 100 m 
of a-naphtholphthalein, 100 mg of phenolphthalein and 100 mg o 
thymolphthalein are dissolved in 500 ml of 96% alcohol. 


Colour .. Red Orange Yellow Green-yel] 
pH. ... 4.0 5.0 6.0 nore 
Colour Green Blue-green Blue-violet Red-violet 
pH.... 8.0 9.0 10. 11.0 
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Table 28 


Indicators Commonly Used in Complexonometry 


No. Indicator Pormula | 
4 | Acid Chrome OH OH 

Black pe rsx | Kw 

cial (Chro- _ Ne ee ee AN 

me Black NaO3S \—/ Nett Ih | 

Specia ZN \/\F 

ET 00; \_F 

Eriochro- O.N% 

me Black = 

T) 


* RE stands for rare-earth elements, lanthanoids. 
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: Ions be 

Concentration determined deter ination Change in colour 
Mixture of Al8+ pH 7-8; back titra- | Wine red—blue 

indicator tion with a zinc 

(1 wt. %) salt solution in the 

and solid presenceof pyridine 

sodium Ba2t pH 10; titration in 

chloride the presence of 

magnesium comp- 

lexonate 
Bi3+ pH 9-10; back titra- 


tion with a zinc 
salt solution 


Ca2+ pH 10; addition 
of magnesium 
complexonate 

Cd2+, Co3+,| pH 10 

Mg?t, 
Zn2+ 

Cr3t Alkaline medium; 
back titration with 
a manganese salt 
solution 


Fe3+, TiIV | Back titration with 
a zinc salt solu- 
tion in the pre- 
sence of pyri ine 

Ga3t pH 6.5-9.5; back tit- 
ration with a zinc 
salt solution 

Hg2+ pH_ 9-10; addition 
of magnesium 
complexonate 

In3+ pH 8-10; in the pre- 
sence of potas- 
sium-sodium tar- 
trate 

Mn2+ pH 10; addition of 
hydroxylamine 
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No. Indicator Formula | 
4 | Acid Chrome OH 
Black Spe- yolk l 
cial (Chro- _4 \_nNne—n_4\/s 
me Black Na08—€_Y—-N=N—“; 
Special JOR VAN 
ae aK \_4 
rioch- 
rome ON7 
Black T) 
2 | Acid Chrome HO HO OH 
yO 
\/ aos’ S“ N7\go3Na 
NaO 
3 | Acid Chrome OH OH NH2 
Dark | N:-=N | | 
Green G YN / \4A\I\ 
(palatine ) 
chrome \/ aos “ \“ 7 soaNa 
green) | 
NO2g 
4 | Alizarin See Table 19, No. 26 (p. 184) 


Red S 
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Table 28 (continued) 


Conditions of 


Jons bein 
determination 


determine Change in colour 


Concentration 


Mixture of Ni2+, Pb2+ | pH 10; back titra- | Wine red—blue 


indicator tion with a mag- 
(1 wt. %) nesium salt or a 
and solid zinc salt solution 
sodium T]3+ pH 10; back titra- 
chloride tion with a mag- 


nesium salt solu- 
tion or an addi- 
tion of magnesium 
complexonate 
viv pH 40; back titra- 
tion with a man- 
ganese salt solu- 


tion 
Aqueous solu- | Ca2+ pH 12 f Pink—gray-blue 
tion Mg?+ pH 10-11; ammonia 
buffer 
Cd2+, Zn2+| pH 9-10; ammonia 
buffer 
Mn?2+ pa - ammonia 


uffer 
Pb2+ pH 10; in the pre- 
sence of tartrate 


a a 
0.5% aqueous | Ca2+ pH > 12. Used in Brownish oran- 
solution mixture with ge—green 
0.25% aqueous so- 
lution of naphthol 
yellow in the ratio 
of 1:2 (hydro- 


ne II) 
Ga3+ pH 3 Blue—pink 
ee a ne ee a 
0.05% aqueous| Th!Y, RE | pH 2.2-3.4 Pink—yellow 
solution Sc3+ pH 2 
Al8+ pH 3.5-3.6; back tit-| Yellow—pink 


ration with a tho- 
rium nitrate solu- 
tion 
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No.| Indicator Formula 
5 | Arsenazo I See Table 49, No. 7 (p. 362) 
6 | Benzidine HN —< S-¢ S- NH, 
7 Beryllon II NaOs. pL SO3Na 
ore 
y \4 
On 4H,0 
| a OH 
| 
oe 
Na0,s% \“ \7\so3Na 
8 | Bromopyro- O 
gallol red, ‘4 > / NZ 
oer MAN 
SO3H 


| 
JN / 
0 
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Table 28 (continued) 


: ; : 
Concentration pipers | iene cpr neS Change in colour 
_ Pul¥ 0.4-0.2M HCl Violet—pink 
Thy pH 1.6-3 
UIV pH 1.7 
RE 


pH 7 
Ca2+, Mg2+ | pH 10 


4% solution in| Al3+, Bi3+, | Buffer solution: 500 g | Colourless—blue 
3+ of ammonium ace- 


glacial ace- est, 
tic acid Ga3t, tate and 20 ml of 
SnlV glacial acetic acid 

IV’ in one litre. Addi- 

Ti tion of Fe(CN)§- 


and Fe(CN)§-, and 
back titration with 
a zinc acetate so- 


lution 
0.029 Be2+ H 12-43.2 Blue—violet 
soluiion: = Me2+ pH 10 Blue-violet— 
violet-red 


as 


0.5% solution | Bi3+ pH 2-3; HNO; Red—orange- 
in 50% al- yellow 
cohol Pb2+ pH 5-6 Blue-violet— 
To 
Ni2+, pH 9.3; ammonia Blue—wine red 
Co2+,Cd2+] —_ buffer 
Mg2*, Mn2+! pH 10; ammonia Blue—violet- 
- buffer re 
Pd2+, T13+,| Back titration with 
Fest, a lead salt or a bis- 


In3+, Ga3+} muth salt solution 


15—1845 
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Formula 


No. Indicator 


9 | Calcein: see Fluorexone, No. 24 (p. 232) 


40} Calces (Pat- OH HO 
aun Hectic \ \ 
ye; _4 \sw_ne-n-4% S 
HHISNN) Naos— S—-N=N—€ S—COOH 
oN 4 NSN 
NG \_F 
41] Calcion HO OH 
HO N==N——/ Yi S 
i i VA, 
Ho N==N—/(\/S Nadss 7S“ 7 So5Na 
1 ' 
IN naoss’ “ ” Sosna -H30 
SSS S<4™ 
NaO38S SO3Na 
42 | Calcon (Acid /oO0H HO. Joana 
Alizarin _ = 
: 4 \_n——n-F 
Red V; » N==N oe 
Eriochro- = Vw 
me Red ey, 
RE) NF 
\go3Na 


13] Chalcone oe sag 
(Eriochro- pa pK 
me Blue- a —N=N—Z¢ Pa H30S 
Black R; =< =< 
Erio R) K_ yz Kp 
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Table 28 (continued) 


Conditions of 


Ions bein 
= determination Change in colour 


Concentration determined 


OEE 


Mixture of Ca2t pH 12-14 Wine red—blue 
indicator 
(4 wt. %) 
and solid 
sodium 
chloride 


Crimson—bril- 
= Ca?+ pi te liant blue 


oe aqueous | Ca?+ pH 13 ers eer 
solution 

(40 ml) with 

the addition 

of 0.02% 

aqueous so- 

lution of 

methylene 

bine (40 ml), 

0.4% solu- 

tion of po- 

tassium salt 

(calculated 

on the basis 

of Ca2+) 

(5 ml) and 
—|_water (25 m))F 

= Ca2+ pH 14. 5; NH3; Pink—blue 
pH 12. 5- ra NaOH 
Cd2+ pH 11.5 
Mer ‘Mn?*, pH 10; ammonia 

buffer 


15* 


No. Indicator Formula 
44 | Chromasurol H3C CH3 

S (Erioch- Ho. ! | 0 

romasurol \4\ \4 

S; albe- 

0 Hooc/ \/ \c7\7\coox 

Cl Cl 
\4 id 

sl Chromogen Black Special ET 00: See Acid Chrome Black Spe- 


16 Groner ne CH3 CH 
Green | | 
Se JW 0° 
HoOCc’ S/“ \c4 4 \coou 


@ oe 
Ne —< \- OH 


~ \coou 


Concentration 


0.4% aqueous | Al3+ 
solution 
Ca2+ 


Cu2+ 


Fest 


Mg?+ 
Ni3+ 

RE3+ 
Thy 
Vo2+ 


Ions bein 
determine 
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Table 28 (continued) 


Conditions of 
determination 


pH 4; acetate buffer, 
80°C 

pH 11; NHg3 

pH 6-6.5; acetate 


buffer 
pH 8-40; NH3 


pH 2-3; chloroacetic- 
acetate buffer, 
60 °C 

pH 414; NH 

pH 14; NH3 

pH 8; pyridine+ 
-+NHs 

pH 1-3; HNO: 

pH 4; acetate buffer 


Change in colour 


Violet—yellow-| 
orange 

Pale red-oran- 
ge—yellow 

Blue or blue- 
violet—green 

Violet—yellow 
or yellow- 


green 
Greenish blue— 
yellow-orange 


Dirty red—yel- 
low 


Blue-violet— 
yellow 
Violet—yellow 


Red-violet— 
orange 

Blue-violet— 
red-orange 


cial, No. 4 (p. 220) 


a 


_— Mg?+, Ca2+| pH 44 
Cu2t 


Ni2+ 
THY 
VO2t 


pH 8 
pH 14 
pH 4.8 
pH 4 


Red—green 
Red—orange 
Red—green 
Violet—red 
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No. Indicator | Formula 

417| 3, 3’-Dime- pw 4~ 
‘thylnaph- \=7 \_7 
thidine of NSN 
(DMN) Bp Rag 

H3C CH3 

18] Diphenyl See Table 27, No. 8 (p. 217) 

carbazone 


19| Dithizone See Table 49, No. 43 (p. ery nen or ne 


20| Eriochrome Black T: See Acid Chrome Black Special, No. 1 


21 Eeipoorumy Tr i 
ue- 
Black B _~4% \N_na=n—ZV4S 
oN X\/\F 
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Table 28 (continued) 


Concentration Petter ees ea at Change in colour 
19% solution | Zn?+ pH 5; in the presence | Violet—colour- 
in glacial of Fe(CN)3- less 
acetic acid | Al8+, Cd2+, | pH 5; back titration 
Cut, in the presence of 
Ni@+, Fe(CN)3- 
Pd3+ 
0.2% alcohol | Hg@+ pH 1; HCI-KCl Blue-violet— 
solution colourless 
Pbat+ pH 4.5-6.5; acetic- | Red—colourless 
acetate buffer 
0.075% solu- | Cd2+ pH 4.5; 50% alcohol | Pink—yellow 
tion in ethyl | Zn?+ pH 4-6; 50% alcohol | Pink—blue, 
alcohol or dimethyl] ketone een or yel- 
ow, depen- 
ding on pH 
Ni2+ pH 4.5; 60% alcohol} Pink—yellow 
Pb2+ pH 4.7-5.4; 50% al- | Pink—yellow 
cohol in the pre- 
sence of urotropi- 
ne buffer 
Al8+ pH 4-5; 50% alcohol; 
back titration with 
a zinc salt solu- 
tion 
(p. 220) 
0.4% solution | Ca2+, Cd2+ | pH 41.5; NH3 Red—blue 
in methanol| Mg?+, Zn?+| pH 10; ammonia Red—blue 
buffer 
ulV 0.01-0.2@ HCl, hot | Blue—red 
solution 
arl¥ 0.01-0.5@ HCl; 50% | Blue—red 


methanol, hot so- 
lution 


No. 


Indicator | 


22) Eriochrome awn —C= = 
Red B Kf oe a = 
Na0;S—€—N=N-C=C%  \=/ 
‘oH bu 
23 Eesoerome H3C vi 
yanine R | 
HON. Jn? 
Hooc’ S/ ig \7\coou 
A /S03H 
VY 
24] Fluorexone HOLA AW 
(calcein, HOOCHsC. ( || | Bi CH2COOH 
fluorescein N—Hc’ VW \cA7 Ncuy_- 
complexo- 
ne) 


Formula 


HOOCH2C” (\ /f00H  cHscooH 


y) 


233 


Table 28 (continued) 


Concentration ype Persians yao Change in colour 
—_ Ca3+ pH 10; ammonia Red—yellow 
buffer 

Cu2+ pH 2; chloroacetic | Purple—yellow 
aci 
pH 4; acetate buffer | Purple—green 
Mn?+ pH 8-10; ammonia | Red—yellow 
buffer; ascorbic 
acid 
Ni@+ pH 4-6; acetate Purple—pale 
buffer yellow 
Pb2+ pH 10; ammonia peas red— 
buffer; tartrate yellow 
Zn2+ pH 6.5; urotropine | Red—yellow 
buffer 
0.4% aqueous | Al3+ pH 5-6.3; acetate Yellow—violet 
solution buffer, back titra- 
tion with a zinc 
salt solution, 
70-80 °C 
zZriV pH 1.4; hot solution | Pink—colour- 
ess 
Fe3+ pH 2-3; cloroacetic | Violet—yellow 
acid-acetate, 60 °C or green 
ThiY pH 2-2.5 Purple—pink 
2% aqueous | Ca’+ pH > 12; KOH or | Fluorescence— 
solution or NaOH blue or green 
solid mixtu- | Ba2+, Sr2+ | pH 414.5; NHs3 or | Fluorescence— 
re with pH 12.5; KOH pink, almost 
KNOs3 in the colourless 
ratio of Cu3+ pH 10-14; ammonia 
4: 100 buffer 
Mn2+ pH 8-41; ammonia 
buffer +- NH.OH 


234 


No. 


Indicator | 


25| Glycinthy- 
mol blue 
(GTB) 


26 | Glyoxal-bis- 
(2-hydro- 
xyanil) 
(GBHA) 


27| Hematoxy- 
lin 


Formula 


HsC CH3 H3sC CH3 
NZ \ 
CH CH 
| ! re) 
\4N a@N¢ 


2 
HOOCH;CHNH,G’ Y \._ v S¥ “cHeNHCH,COOH 
Cc CH3 


NS 
Ry Niece Z 


28 | Hydroxyhy- HO 0) oO 
droguinone POF SSH 
ink (hy- 
Areal. HO” S47 \c7 7 Nou 
droquinone | goal 
sulphoph- a fo 
thalein) I 
NZ 
29 | Magneson NAO SS», OH BON. 
Va —\_ nan—Z \ 
\_F S-@ -H,0 
c)l% 4£Y\ 
YG 
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Table 28 (continued) 


Concentration ee ane Pee alr cae Change in colour 
0.194 aqueous | Cu2+ pH 5-6; urotropine | Blue—yellow 
solution buffer 
Zn2+ pH 7.5; pyridine 
buffer 
_ Ca2+ pH 13 (in the i Pink—yellow 
sence of KCN, the 
end point is more 
distinct) 
0.5% solution | Al3+ pH 6; back titration | Yellow-green— 
in 90% al- with an alumi- pink 
cohol nium salt solution 
Bi3+ pH 1-2; HNO3 Pink—pale yel- 
low 
Th’ pH 2 Orange—yellow 
zrlV pH 4-1.5 Pink—yellow 
0.1% aqueous | Th’, Bi3+ | pH 2.4-3; acetate Pink—yellow 
solution buffer 
0.01% solution} Mg2+ pH 9.8-11.2 Red—blue 
in water or | Ca2+, Cd2+ TH 11.5; NH3 
acetone Ba?+, Sr2+ | pH 12.5; (Cols) 2NH 
acetate buffer 
Ni2+ pH 4; hot solution | Red—orange 
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No. Indicator 


30 


31] Methylthy- 
mol blue 
(MTB) 


Formula 


Metallphthalein: See Phthalein complexone, No. 39 (p. 242) 


H3C CH3 H3C CHg 
NZ \Z 


cH CH 
fe 
Og * 0 
HOOCHC, Ls KS CH2COOH 
\ A ow A % 
HOOCH:C oH | cHs ‘cH:COOH 
oN 7/S03H 


Concentration 


Solid mixture 
of the indi- 
cator with 
KNO3 in the 
ratio of 
1:100 


Ions bein 
determine 


Ba?2+, Sr2t 


Ca2t 
Mg?+ 


Bist 
Cd2+, Co2+ 


Cu?2+ 


Fe2+ 
Hg2+ 


In3+ 
Mn?2+ 


Pb2+ 


Zrl Vv 


237 


Table 28 (continued) 


Conditions of 
determination 


pH 10-11; ammonia 


uffer 
pH 12; NH3 or NaOH 
pH 10-11.5; ammonia 
buffer 
pH 1-3; HNO3 
pH _ 5-6; urotropine 
buffer 
pH 12; NH3 


pH 11.5; NH3 


pH 4.5-6.5; urotro- 
pine buffer 
pH 6; urotropine 


buffer 
pH 3-4; acetate buffer 
pH 6-6.5; urotropine 


rate 
pH 6; urotropine 


buffer 
pH 2.2; HNO3 


pH 5.5-6; pyridine-+- 
+-acetate-+ F- 

pH 6-6.5; urotropine 
buffer 

pH 12; 

pH 1-2; chloroacetic 
acid, 90°C 


fer 


Ga3+, In3+ | pH 4.5-6; acetate 
bu 


Change in colour 


Blue—gray 


Blue—yellow 


Blue—gray or 
colourless 
Blu -—colour- 

less or gray- 


green 
Blue—yellow 


Blue—yellow 


Blue—gray 
Blue—yellow 


Blue—gray 
Blue—yellow 


Blue—yellow 
Blue—yellow 


Blue—gray 
Bluc—red 


Disappearance 
of tluores- 
cence 
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No. Indicator | Formula 


32] Morin: See Table 25, No. 25 (p. 211) 


33| Murexide HN—CO OC—NH 


34 bth O2N 
yellow ee 
a ee 
NaO So NO, 
oN 
\_ FY 
NaQ;S” 
35] Naphthyla- f ne 
zoxine on 
en 
< pars \ 4 
OH 
26 | PAN[1-(2-py- oon 
ridylazo)- VN < 
naph- a | ree ae 
thol-2] XS be 
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Table 28 (continued) 


Conditions of 
determination 


Ions bein 


determine Change in colour 


Concentration 


Disappearance 
of tluores- 
cence 


ee el 


Ga3+, In3+ | pH 4.5-6; acetate 


buffer 


Mixture of the | Ca®+ pH > 12 Red—violet 
indicator Co2+ pH 8; NH3 
(0.2 wt. %) | Cu2+ pH 7-8; NH3 Orange—violet 
and solid | Ni2+ pH 8.5-9.5; NH3 
sodium chlo-| Ag* pH 10-11.5; NH3 Red—violet 
ride Pd2+ Addition of Yellow—violet 
KeNi(CN),+ 
-+-NH,0H 


ere A ee a aes 
Used in mixture with Acid Chrome Dark Green G (No. 3) 


eo ee ip eat Be ee 
= Cu2+ pH 3.5-6.5; acetate | Yellow—red 
buffer 
pH 9.3; ammonia Yellow-green— 
buffer pink 
Mn?2+ pH 6.7-7.0; acetate Yellow—red 
buffer 
Ni2+ pH 5.5-6.5; acetate 
or pyridine buffer 
Ppb2+ pH 6-6.5; acetate or 
pyridine buffer 


SN wt Ne 


0.1% solution | Bi3+ pH 1-3; HNO3 Red—yellow- 
in ethanol green 
or methanol 
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No. Indicator | 
| 


37| PAR [4-(2- 
pyridyla- 
zO)-resor- 
cinol] 


Formula 


aN 
“\= Py 
a 
li 
a 
m | 
aa 
SING 
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Table 28 (continued) 


A Ione being Conditions of 
Concentration determined dctenmination Change in colour 
0.1% solution | Cd2+ pH 5-6; acetate Pink— yellow- 


in ethanol 
or methanol | Cu?+ 


In3+ 


Ni2t+ 


0.1% aqueous | Bi3+ 
solution 18+ 
In3+ 

Hg?+ 

Ca3+ 

Cu2+ 


buffer green 

pH 3-5; acetate 
buffer, 70-80 °C 

pH 9-10; ammonia 
buffer, 50 °C 


Violet—yellow 


pH 2.3-2.5; acetate Red—yellow 
buffer, hot solution 

pH 4; 25% metha- | Violet-red— 
nol, 50-70 °C ysllow 

pH 2-3.5; HNO3 Red—yellow 


pH > 1.8; chloroace- 
tic acid, hot solu- 


tion 
pH 4-6; acetate 
buffer 


Back titration with 
a cupric salt soju- 
tion 


pH 1-2; HNO3 Red—yellow 
pH 1.7; hot solution 


pH 2.3-2.5; 60-70 °C 


pH 3-6 Red—yellow- 
orange 
pH 6-11.5; ammonia | Red—yellow 
or urotropine buffer 
pH 5; acetate 
buffer 
pH 6; urotropine Wine red—yel- 
buffer low or green 
pH 11.5; ammo- 
nia buffer 


16—1845 
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No. Indicator | Formula 
37| PAR [4-(2- OH 
High Qurned 
azO)-resor- : —N=-N—-, 
cinol] Ba ad 
OH 


38] Patton-Reeder Dye: See Calces, No. 10 (p. 226) 


39| Phthalein HOOCH,C CH,COOH 
es \ 7 
complexo N NC 
ne (metall- HOOCH,C7 | | \CH,COOH 
phthalein; H.C CH 
phthalein Ho. O 
purple; \4N 44 
cresolph- | ll | | 
thalexone) Hyc7 S/\c7 4 cH 
| 
~ /oO0H 
XS 
40 | Pyrocate- HO OH 
chin violet Ho. =! | oo 
(pyrocate- \4AN 44 
chin sul- | | 
phophtha- N\/Nc4 \Y 
lein) r 


0.1% 


Concentration 


aqueous 
solution 


(a) 0.5% aque- 
OuE solu 


tion 
(b) mixture of 

0.4 g of 
phthalein 
complexone, 
0.005 g of 
methy! red 
and 0.005 g 
of diamine 
green in 
100 ml of 
water 


0.19% aqueous 
solution 


Ions being 
determined 


Mn?+ 
Ni2+ 
Pp2t 


RE and Y3+ 
Zn2t 


Ba2+ , Sr2+ 


Mg2+ 


Ca2+ 
Cd2+ 


Conditions of 
determination 


pH 9; ammonia 
buffer 

pH 5; acetate buffer, 
90 °C 


pH 5-9.6; urotropine 
or ammonia buffer 

pH 6; acetate buffer 

pH 5-14.55 urotropi- 
ne or ammonia 
buffer 


pH 10.5-41; addition 
of ethanol 


pH 10-11; NH3; ad- 
dition of ethanol 
pH 10-44 
pH 10; ammonia 
buffer + 30% of 
ethanol 


pH 2-3; HNO 3 

pH 10; ammonia 
buffer 

pH 9.3; ammonia 
buffer 

pH 8-9.3; ammonia 
buffer 

pH 5-6.5; acetate 


buffer 
pH 9.3; ammonia 
buffer 
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Table 28 (continued) 


Change in colour 


Red—yellow 
Red—yellow 
Red—yellow 


Red—yellow 
Red—yellow 


(a) Red-violet— 
pale pink or 


colourless 


(b) Red—pale 


gray 


Blue—yellow 


Greenish blue— 


red-violet 


Blue—yellow 


Bee d-vio- 


et 


| 


16* 


DAA 


I 
\/ 


No. Indicator | Formula 
40 | Pyrocate- HO OH 
chin violet Ho. ! “ll, 5) 
yrocate- \4N\ N40 
chin sul- | | | y, 
phoph tha: \A\c4 NZ 
ein) l 
~ poosti 
\/ 
41 Eyecealiol i OH 
re | 
ae PIA 
\ \cF \A 
| 
pr f POE 
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Table 28 (continued) 


0: 
Concentration bbe ar § eee Change in colour 
0.1% aqueous Fe3+ pH 5-6; pyridine-ace- | Blue—yellow- 
solution tate buffer green 
Ga3t pH 3-3.8; acetate Blue—yellow 
buffer 
In3+ pH 5; acetate buffer, | Blue—yellow 
hot solution 2 
Mg2+, Zn2+| pH 10; ammonia Greenish blue— 
buffer red-violet 
Mn2+ pH 9.3; ammonia 
buffer +- NH,0OH 
Thi’ pH 2.5-3.5; HNO3, | Red—yellow 
40°C 
Pb2+ pH 5.5; urotropine Blue—yellow 
buffer 
Als+, ) 
Fe3+, 
Ga3t, Back titration with 
In3+, acupric or bismuth 
Pd2+, salt solution 
ThiV ‘ 
T13+ ’ 
Snil¥ pH 5; back titration 


with a zinc salt 
solution, 70-80 °C 


a eS 


0.05% solution | Bi3+ 
in 50% etha- 
1 Co2+, Ni2+ 


no. 
Ppb2+ 


pH 2-3; HNO3 
pH 9.3; ammonia 


pH 5-6; acetate 


Red—orange- 
yellow 
Blue—wine red 


buffer 
Violet—red 


buffer 


Back titration with 
a lead salt or a 
bismuth salt solu- 
tion 
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No.| Indicator Formula 


42| SPADNS OH OH 
| 


| 
N/\_N=n—-4 YS 
( \-N=N—€_>—S0sNa 


Na03s’ S“ \7 \go3Na 
43 euhare N=N—NH ee 
sene (plu- | 
mbone) ada. ¢ N 
A ‘- A 
NO, N =—=N 
44| Sulphonazo HOS. IN poostt 
2H,0 
N=N% 4 Ye 
— OH NH 
J \ 2 
(=? eH 
S02 
> 
<7 OH OH NH, 
XN 
eee 
HOS” \“ \7 \so3H 
45] Sulphosali- HO38 COOH 
cylic acid ‘( \7 


46| Thiourea H,N—C—NHp 
I 


Concentration 


0.4% aqueous | Zr!Y 
solution 


0.02% aqueous THv 


solution 


0.05% aqueous| Pb2+ 
solution with 
an addition 
of 41-2 drops 
of 5% ammo-| Zn?+ 
nia solution © 


0.02% aqueous} Sc3+ 
solution 


In3+ 


5% aqueous Fe3+ 


solution 


Ions being 
determined 
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Table 28 (continued) 


Conditions of 
determination 


pH 1.5-2.5; HNOs 
pH 2.5-3.5; HNO 


pH 9.8-10 in the 
presence of tarta- 
ric acid and am- 
monia 

pH 9.3-9.6 in the 
presence of tarta- 
ric acid and am- 
monia 


pH 5 


pH 2-3; acetate bu- 
ffer, hot solution 


Change in colour 


Red-pink— 


orange-red 


Violet-blue— 


purple-red 


Orange-pink— 
lemon yellow 


ditto 


Blue—violet- 
pink 

Blue-violet— 
violet-pink 


Red—yellow 


Aqueous solu- | Bi3+ 
tion 


pH 1.5-2.0; HNO3 
or HClO, 


Yellow—colour- 
less 
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No. Indicator Formula 

47| Thoron See Table 49, No. 93 (p. 396) 
(thorin, 
APANS) 


48| Thymolph- HOOCH2C. CH2COOH 
/ 
thalexone N N 
HOOCH.C” d | \cH2cooH 
He Hoc 
| HyC CHa 
wo \ x wo) ,0 
U Hs CHg3 | | 
HyC/ VAN ¥ 0 ?\cH, 
74 
! 
A /C00H 
if 
49] Thyron OH 
| 
4 you 
HO” S7\sozH 
50] Variamine VIN awe 
BhigB: |) SS ok a ee 
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Table 28 (continued) 


Concentration Lon ene sepa ions oF Change in colour 
Aqueous solu- | Bis+ pH 2-3; HNO3 Red—yellow 
tion Thlv pH 1-3; HNO; Violet—yellow 
yey pH 1-1.8; 30°C Red-orange— 
orange-yellow 
0.59% aqueous | Ba2+, Sr2+ pH a 41; NaOH or | Blue—gray or 
solution or colourless 
solid mixtu- | Ca2+ pH "0. 5-12; NaOH 
re wit or NH3 
KNO3in the | Mn2+ pH 40-14; NHs3, Blue—colour- 
ratio of NaOH less 
4:400 
2% aqueous Fest pH 2-3; acetate bu- | Blue—colour- 
solution ffer, hot solution less 
1% aqueous Fe3t+ pH 1.7-3 Blue violet— 
solution yellow 
Cd2+, Zn2+] pH 5; in the pre- | Violet—colour- 
sence of ee of less 
Fe(CN)§- 
Fe(CN)g- 
Al3+, Pb?+,| Back titration with 
ZrlV¥ a zinc salt solu- 


tion 
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Formula 


No | Indicator 


51] Xylenol HOOCH,C 


CH,COOH 
orange NN--CH, H,C—NZ Z 


HOOCH,C” \cH,COOH 
BOS. JF © 
H,c/ \/\, 7 SZ \cH3 


52} Zincon | “~\ /oO0H HOV QO 
VV \n  HN7 N/NS03H 
l | 


N—C=—=N 


Concentration 


0.5% solution 
in ethanol 


0.430 g of the | Ca2t, 


indicator and 


Ions being 
determined 


Bi3+ 
ThIV 
ZrlV 


Sc3+ 
In3+ 
Hg?+, T13+ 
Cd2+, Fe2+ 
Co2+ 


RES+ 
Pp2+ 
Zn2+ 


Fest 


Co? 


2 ml of 1M@ Cu2+, 
NaOH solu- Fe?+, 
tion in n+, 
100 ml of Mn?*, 
water Pb2+ 
Zn2t 
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Table 28 (continued) 


Conditions of 
determination 


pH 1-3; HNO; 
pH 1.7-3.5; HNO3 


pH 3-3.5; acetate 
buffer, hot solution 

pH 4-5; acetate bu- 
ffer 


pH 5-6; urotropine 
buffer 

pH 5-6; urotropine 
buffer, 80 °C 

pH 5-6; urotropine 
buffer, hot solu- 


tion 

pH 5; acetate buffer 
or pH 6; urotro- 
pine buffer 

pH _ 5-6; acetate bu- 
ffer; pH 7; urotro- 
pine buffer 

pH 1.5; in the pre- 
sence of Fe2t+, CO, 
atmosphere, 60 °C 


Back titration with 
a thorium (IV) salt 


SnlV, | solution 


GetY,| pH 9-10; back titra- 
a 


tion with a zinc 
salt solution 


pH 9-40; ammonia 
buffer 


Change in colour 


Red—yellow 


Red-violet— 
yellow 
Red—yellow 


Blue-violet— 
yellow 


Blue—yellow 


202 


"299 = HG te OV X WO = 2-0V % Wit = *Hv Soydumexe JOA “UBS VAVISOS B TA sae 
‘4H Jo JeqUINU oY} Ul Posted SI QT YOU 0} Jomod Oy} 03 [ENbe oq [LIA HA ogy JO WASopR INTO VY], “ONWA FL 
BY} Ul [RWUIDEP OT} J9qJe PoUlSygo O18 SPLZIp OA} ‘PIBAAN PUe Ye, oq} 0} PW Wor} Zurpesooid ‘pue ojqey eu} Ut 
PUNO] st (31 0} eSOTD eUO Jo) JequINU siqy ‘UST, ‘JeAod eATyedeu ULe{I00 e 03 OF Aq Par[dyyNU st pue OQ THM 
SWS YOIYA Joquinu e Aq pessoidxe oq P[Noys 39ye] ey} ‘+H Jo onjea uNouyH vB Aq Hd oY} EFE[MOTed OL 
"s-OF X Les'0 = *Ho ‘17°9 = Hd 
rejdwexe Jog ‘UsIS OATIeZIU ev YWA usHey Yd aq} Jo o1;sluoJOVIEYO ey} 04 [enba Jemod 044 03 OF A pelt 
-diq[Nu oq YSNUI oNTeA SIV], ‘pUNO] sendy ey} WoO] 7124S YOTYA SOU] oY} JO WOTJOaSIO}UI OY} JB Pouteyqo St 
+Hp Jo on[ea oY], ‘aUI] [eUOZTIOY 4sSIY OY} UL PUNO] SI BssizUBTT SI) JO FISIP pUodes EY} PUB “UUIN[OD [BdI}IOA 
sly ayy UL punoz st anqva Jd oy} Jo essijueW oy} Jo WSIp ysIy ayy ‘Fd uMouy v Aq +Ho ayzeTNoTeO OL 


c0t"0 | SOt'0 L010 OFr'0 chb'O Stb'0 LVy'0 0ch'0 €er'0 9¢5°0 
6ch°0 Geb’ O cet'0 Ber °O t7b°0 G71°0 8rb0 tSh°0 SSt°0 8cb°0 
c9t'0 9940 LEO yLV'0 8Lh°0 cst 0 98h°0 164°0 S6h°0 00¢°0 
¥0¢°0 60¢°0 yic'0 61¢"0 5660 62¢°0 7&0 0%6 °0 S7c 0 bS¢°0 
Lg¢°0 £9¢°0 69¢°0 GLe"O 680 882°0 S62°0 208 "0 60€°0 91e°0 


708 °0 Vee"U 6EE°0 L¥E°0 Scé°0 €9€°0 cLé°0 08&°0 68€°0 86€°0 a 
L07°0 Lt7'0 Lé7°0 Le7"0 Lyv90 LS7°0 897°0 6L7°0 067°0 vos "0 ¢° 
€1S°0 S¢S"0 LES"0 oss"0 c9S°0 glc"0 68S°0 £09°0 L190 b€9°0 a 
979°0 199°0 929°0 c69°0 80L°0 ScL"0 1¥L°0 6S2°0 99L°0 ¥6L°0 im 
€58°0 G8" 0 4S8°0 ¥L8°0 168°0 ch6°0 €€6°0 SS6°0 216°0 000°} 0 


+Hp jo son[ea 
Hid jo 
go. | so’ [| zo: [| so | sor ff vo: [| eo: | zor | 40° | oo tailed 


Hd Jo suoyjovsy [eUIyse}0aD 


*‘SoSeO IB[IUIIS JoyJO Ul puB ‘y sjyuBsUOD OUI Yd szueysuod Jo sooIpul oy} ‘gS yonpord 
Ay T[IqnTos ey} oyu god yonpoad AyI]Iqn[os ey} Jo seoIpUur ey} ZeAUOD 0} pasn aq ued efqEe EYL 


(*Hno Soy — = Wd) esi0Q 9914 pue 
(*Hp) suoy uasormpAY Jo AZTAOW aq} Jo sulJay, UI payenyeaq (qd) yuoUOdxy uOy uas0mpA_ 


6G PITEL 


253 
Table 30 


Preparation of Buffer Solutions 
(pH ranging from 1.10 to 12.90; ¢ = 20°C) 


Stock solutions 


Solution No. 1: hydrochloric acid, 0.1N. 
Solution No. 2: glycocoll NH,CH,COOH (aminoacetic acid, glycin), 
0.4N (7.507 g of glycocoll + 5.85 g of NaCl in 
one litre). 
potassium hydrophthalate, KHC,H,0, 0.2 
(40.846 g in one litre). 
sodium citrate, 0.44 (21.014 g of HsC.H;0, -H,O+ 
+ 200 ml of 1N NaOH solution in one litre). 
caustic soda, 0.14. 
potassium dehydrophosphate, 4/145M (9.073 g of 
KH,PO, in_one litre). 
sodium hydrophosphate, 1/15M (11.866 g of 
Na,HPO,-2H,O in one litre). 
sodium tetraborate, 0.05@ (12.367 g of HsBO; + 
+100 ml of 1V NaOH solution in one litre). 
Chemically pure sodium chloride is recrystallized twice and dried 
at a temperature of 120 °C; chemicully puré boric acid is recrystallized 
twice out of boiling water and dried at a temperature of not over 
0°C; chemically pure potassium dehydrophosphate is recrystallized 
twice and dried at a temperature of 4410-120 °C; chemically pure sodium 
'ydrophosphate is recrystallized twice (during the last crystalliza- 
tion, the temperature of the solution must not be over 90 °C), then dam- 
ped with water and dried for two days ina thermostat at a temperature 
of 36°C; chemically pure citric acid is recrystallized twice (during 
the last crystallization, the temperature must not be higher than 
60°C); potassium hydrophthalate is recrystallized twice and dried 
°C 


at a temperature of 110-120 °C. 


A. Buffer Solutions with pH 1.10-3.50 (HCI-NH,CH,COOH) 


Every given ariount of the solution (solution No. 2, see above) is 
brought up to 100 ml with solution No. 4 (see above) 


Solution No. 
Solution No. 


Solution No. 
Solution No. 


Solution No. 


05 ad IS et 


Solution No. 


pH 0 1 2 3 4 5 6 1 8 9 
et We Se Wn, 5 Al ace ise se SN ee A 
1115.71 6.61 7.5| 8.4] 9.3} 10.2 | 14.1 [12.0 [12.8 | 43.7 
2144.6 145.4 [16.2 117.0 }17.8 | 18.6 | 19.4 | 20.2 {21.0 21.8 
3 129'6 |23.2 |23.9 |24.5 | 25.2 |25.8 | 26.4 | 27.0 | 27.7 | 28.3 
4 128.9 | 29.4 | 30.0 | 30.5 | 31.4 | 31.6 | 32.0 | 32.5 | 32.9 | 33.4 
5 133.8 | 34.2 | 34.6 | 35.0 | 35.4 135.8 | 36.2 | 36.7 |37.4 | 37.6 
6 138.0 | 38.4 138.7 139.1 | 39.4 | 39.8 |40.2 |40.6 | 40.9 | 41.3 
7141.7 |42.4 142.4 | 42.8 |43.4 |43.5 [43.9 | 44.2 | 44.6 | 44.9 
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Table 30 (continued) 


he 


© O1) © OD OD C1) 1 E 02 CO 
Se OMOnDnNNOx 
WI OOOOMm MEO 
MOWMDOoOOsTOW 
SHE DOD ON 0 xt 
INI OOOMmMm re CO 
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STO OND OE 11 OO = 
19 1919 OO COM ~~ OC 
mM MOSSE OO 


TOD ANID OO tH wt 
UF 19 19 CO CO CO CO 


MDODAINDMYEO 
ID IN IN OGO~NN OO 
HOME DOMO CMH 
C91 COO ASE ONE O 
IN INiIN OOOO 
00 & S109 19 19 19 00 O 
Nw Ost rOMnNO 
1D 19 1 OO OMEN OO 


MIHANONANA SHO CO 


™ M19 OOD 


eker} N19 Om He OMO NwWron 
srs NIDINDOOOREE™ 0 0c CO COC: 


ON 
1 OD 


NNMDO DDO 10919 
AI OMOOM OD 


HOON 
QUOD = 


sts WININDOOOO-™-™ DOOM 


foeKor) 
eke} 
wt 


=f & © coo ie) 


N SeOown 
foe) fo oliver ko>) 


OD CMAMVINOEDD Onmarmwsn 
on 


B. Buffer Solutions with pH 1.10-4.96 (HCl-NaH.C,H;07) 


see p. 203) 


? 


iven amount of the solution (solution No. 4 
00 ml with solution No. 41 (ibid) 


Every g 
is brought up to 4 


OHO DH OH © Hud 
OW OD <1 HO 00 02 © 
St MIN NAN N 
AMO O et eID OM Ht 
OtFtOmwHonraoe 
SSN NANA A OD 
C19 OD SHO Oh 1 OD 
Ot OO <1 1) COD 2 © 

BMNANAAN OD 
COMAMDDOON 
Atr~ xa MLI~ DO 

VITNNNAN OD 
SHLD CO OO SHO SH OD et 

MNr~OMMt (j=) 
OBR ANANAS 
DOMMANNOO 
~MOr~OMMM~ OO 

VIMNNANAN OD 
AMIANAINO OD 
~rNOCONWY OOD 

MMNNNANNN 
WHA ODE~-ODME 
ONOMDAINDOOOD 

SMM NNANAN 
WOON OSH OM MO 
MS BNR Se 

SMI MION NAN N 


WMD NDN COIN AID 


AN OD SHLD COE 00 OD 
= 
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Table 30 (continued) 


rm 


a 


0 


pH 


MNNNAN WOOMEARDEODO MOOMNNGE WH 


Or-ORDO 


MII CD 19 © 00 CO) = OD LD 


ee 8 8 © © © ee 


OOK eS Om me wt 


OI OD COD OD SS SESSILIS OOO COCO 


Nettie OH AHINMAMOMSNO OMOMABDNOMD 


8 83 68 BG 


Ce ne er ee er 


SIGSS SSR Bw 


AOD CO © SHO CO HOD OD 


SAIGON A919 
SS SAG SESE 15 18 


OmMSMONDNAN 


VISISSSSSS 


DOMM~AMOMODMD 


SAOYORamaAy 
STAT AS Sg GU 19 19 


DANODOONMOME 


Sunyornaony 
HS FH SSG 19 18 


BO wt 00 1) OD 6 19 LD 


SEQVenseaxt 
HGS SSS 1518 
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SSIISSIRBSS 


WOOD MNODOMN AO 


Sunyprwaons 
SH SAS SSS 19.19 


OLD © SH 00 Net OD OO 


SaAAYIBODOM 
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OANMWINON OD 
on 


DHOMr~nw ws 
INDOOE-KOOD 


CO OD OD COD SHON 
rOMDONOOND 
INDOOR DON 


ronwoowow 


Mm™OOOSHODOsN oD 


LONG HOWD 
BSSSSx2e8as 


C1 OD SOD tHE LD 


rAAURBGDBYS0 
ID DOBSON ROAD 


ADNOHKOWNMDOCO 


OBAIRRSBHOBON 
INDOGGENODS 


MNOMmMAN~Y MO MH 


OBMIHDNOM AN 
IDIDOSOGKRKOOD 


Om SHE OSS OOM OD 


DO et SHON 0 
DID OSOR NOOR 


OMANADWONOSO 


OOm Gr BmoONHW 
1 1) 60 SO CO f= fh CO CO OD 
COUANMWINDNOM 


C. Buffer Solutions with pH 2.20-3.80 (HCI-KHC;H,0,) 


iven amount 
the mixture 


ibid), and the amount oF 


50.0 ml of solution No. 3 (see p. 253) is added to every gi 
200 ml with water 


of the solution (solution No. 1, 
pH 


is brought up to 
0 


oe 8 8 ee 


oe e fe ee 


Table 30 (continued) 


8 | 53.00] 52.38} 54.76) 51.14] 50.52) 49.90) 49.28) 48 66) 48.04) 47.42 
9 | 46.80} 46 .20) 45.60} 45.00] 44.40] 43.80] 43.20} 42.60) 42 00) 41.40 
3.0 | 40.80) 40.22] 39.64) 39.06] 38. 48) 37.90) 37 .32) 36.74) 36. 16] 35.58) - 
1 | 35.00) 34.44] 33.88] 33.32] 32.78) 32.24) 31.70] 31.16] 30.64] 30.12 
2 | 29.60) 29.08] 28.56] 28.04) 27.54! 27 .04) 26 54] 26.04] 25 56] 25.08 
3 | 24.60] 24.12) 23.64) 23.16] 22.68] 22.20) 21.72) 24.26] 20.80] 20.34 
4 | 19.90) 19.46] 19.02) 18.58) 18.46) 17.74] 17.32] 16.90) 16.50) 16.10 
5 | 15.70} 15.30] 14.90} 14.52] 14.16] 13.80) 13.44] 13.08) 12.72] 12.36 
6 | 12.00) 11.66] 14.32] 10.98] 10.64) 10.30) 9.96] 9.62) 9.28) 8.94 
i ea 8.26) 7.92! 7.58) 7.24) 6.90} 6.58) 6.26) 5.94) 5.62 


D 


Buffer Solutions with pH 4.00-6.20 (NaOH-KHCgH,0,) 


50.0 ml of solution No. 3 (see p. 253) is added to every given amount 
of the solution (solution No. 5, ibid), and the amount of the mixture 
is brought up to 200 ml with water 


. 


ee Lee ea 
4.0} 0.80) 1.14) 1.46] 1.80] 2.12) 2.46] 2.78] 3.12] 3.44] 3.78 
1) 4.10) 4.44) 4.76] 5.10} 5.42) 5.76] 6.08] 6.42] 6.74] 7.08 
2) 7.40] 7.74} 8.08} 8.42) 8.78] 9.14) 9.50! 9.86] 10.24] 10.62 
3 | 411.00) 14.38) 11.76) 12.14] 12.54] 12.94] 13.34] 13.74] 14.16] 14.58 
4 | 15.00} 15.42) 15.84 16.26] 16.68] 17.10] 17.54] 17.98] 18.42] 18.86 
5 | 19.30) 19.76] 20.24] 20.72| 21.22] 21.72] 22 22] 22.74] 23.26] 23.78 
6 | 24.30) 24.84) 25.38] 25.92] 26.46] 27.00} 27 .54! 28.08] 28.62] 29.16 
7 | 29.70) 30.26} 30.82} 31.38] 34.94] 32.50] 33.08] 33.66] 34.24] 34.82 
8 | 35.40} 35.98} 36.56] 37.14] 37.74] 38.34] 38.94] 39.54] 40.16] 40.78 
9 | 41.40) 42.04) 42 68) 43.32) 43.96] 44.60) 45.22] 45.84] 46.46] 47.08 
5.0 | 47.70} 48.32) 48 .94] 49 .56] 50.18} 50.80] 51.42] 52.04] 52.66] 53.28 
1 | 53.90) 54.50) 55.10) 55.70) 56.30] 56.90) 57.50] 58.10) 58.70] 59.30 
2 | 59.90} 60.50) 64.10) 64.70] 62.28) 62.86] 63.44] 64.02] 64.58] 65.14 
3 | 65.70) 66.24] 66.78) 67.32) 67 .84] 68.36] 68.88] 69.40] 69.90) 70.40 
4 | 70.90 71.38] 74.86] 72.34) 72.82) 73.30] 73.76) 74.22) 74.68] 75.14 
5 | 75.60} 76.04) 76.46] 76.88] 77.30) 77.72] 78.12] 78.52) 78.92! 79 .32 
6 | 79.70] 80.08) 80.44] 80.80) 81.14] 81.48] 81 .82| 82.14] 82.46] 82.78 
7 | 83.10] 83.40) 83.70} 84.00} 84.30) 84.60] 84.88] 85.16) 85.44] 85.72 
8 | 86.00) 86.28] 86.56] 86.84] 87.10) 87 .36] 87.62) 87 .88] 88.12] 88.36 
9 | 88.60) 88.84) 89.08) 89.32) 89.56} 89.80) 90.02) 90.24] 90. 46| 90.68 
6.0 | 90.90) 91.10} 91.30) 91.50] 91.70) 91 .90} 92 .08) 92.26] 92.44] 92.62 
1 | 92.80} 92.96) 93.10) 93.24) 93.36} 93.48] 93 .60] 93.70] 93.80) 93.90 
2 | 94,00 
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Table 30 (continued) 
E. Buffer Solutions with pH 4.96-6.69 (NaOH-NaH,C,H;07) 
olution No. 4 (ibid) 


Ss 


Every given amount of the solution (solution No. 5, p. 253) is 


brought up to 100 ml with 


‘ eet 
~ AYAMONNAMNA > Ne ee RN eRe erie ne 
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N =—=O0NoO 19 OS 
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SO SCuaNNMOWORD 


Every given amount of the solution (solution No. 7, p. 253) is 


brought up to 100 ml with solution No. 6 (ibid) 


ODANMSTNOMOD OstN M19 co 
wn 


Tr [Om CANMYWNOrOD 
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F. Buffer Solutions with pH 4.80-8.00 (KH,PO,-Na,HPO,) 


1845 


17 
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Table 30 (continued) 
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G. Buffer Solutions with pH 7.71-9.23 (Na.B,07-HC]l) 


Every given amount of the solution (solution No. 8, p. 253) is 


brought up to 100 ml with solution No. 1 (ibid) 
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Table 30 (continued) 
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Every given amount of the solution (solution No. 5, p. 253) is 


brought up to 100 ml with solution No. 8 (ibid) 
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Table 30 (continued) 


I. Buffer Solutions with pH 8.53-12.90 (NH,CH,COOH-NaOH) 


Every given amount of the solution (solution No. 5, p. 253) is 


brought up to 100 ml with solution No. ‘2 (ibid) 
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Table 30 (continued) 


6 7 8 9 


54.45] 54.6 | 54.75] 54.85] 55.0 | 55.15) 55.25) 55.4 | 55.55) 55.65 
55.8 |55.95}56.1 |56.3 | 56.45] 56.6 | 56.75) 56.9 | 57.4 | 57.25 
57.4 |57.6 |57.8 |58.0 {58.2 | 58.4 | 58.6 |58.8 | 59.0 | 59.2 
59.4 |59.65159.9 |60.4 | 60.35) 60.6 | 60.85) 61.1 | 61.3 | 64.55 
61.8 162.2 |62.5 |62.9 |63.2 |63.6 |64.0 |64.3 | 64.7 | 65.0 
65.4 [65.9 |66.3 | 66.8 | 67.2 |67.7 | 68.2 | 68.6 {69.1 | 69.5 
70.0 |70.5 | 71.0 | 74.5 |72.0 | 72.5 | 73.0 | 73.5 | 74.0 |74.5 
75.0 |75.6 | 76.2 | 76.8 |77.4 | 78.0 | 78.6 | 79.2 |79.8 | 80.4 
81.0 | 81.6 | 82.3 | 83.1 | 84.0 | 84.9 | 85.8 | 86.7 | 87.7 | 88.8 
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Acetic-Acetate Buffer Solutions 


To prepare a buffer solution of the required pH value, the given 
amount of 1N acetic acid solution is measured, 50 ml of 1N caustic 
soda solution is added to it, and the mixture is brought up to 500 ml 
with distilled water. 


Acetic Acetic Acetic 

pH acid, 1N, pH acid, 1N, pli acid, 1N. 
tal ml m 
1 

3.8 421.5 4.67 100.0 5.5 57.4 
3.9 345.4 4.7 96.8 5.6 55.9 
4.0 284.4 4.8 87.2 5.7 54.7 
4.4 236.2 4.9 79.5 5.8 53.7 
4.2 197.9 5.0 73.4 5.9 53.0 
4.3 ° 167.4 5.1 68.6 6.0 52.3 
4.4 143.3 5.2 64.8 6.4 51.9 
4.5 124.4 5.3 61.7 6.2 51.5 
4.6 108.9 5.4 59.3 6.3 51.2 
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Universal Buffer Mixture 


A mixture of phosphoric, acetic and boric acids (0.04M, respectiv- 
ely) is prepared. To obtain a buffer solution of the required pH value, 
the given amount of 0.2N NaOH solution is poured into 100 ml of the 
mixture. 


= z z z 

oO N N NX 

So o = o 

he = es | 

fo) fe) io) om OL 

sa | 2 | ge | 2 | se | 2 | ee | & 
0 41.81 25.0 4.410 50.0 6.80 || 75.0 9.62 
2.9 1.89 27.5 4.35 52.9 7.00 |} 77.5 9.91 
5.0 1.98 30.0 4.56 59.0 7.24" 80.0 | 10.38 
7.5 2.09 32.5 4.78 57.5 7.54 | 82.5 | 10.88 
10.0 2.21 35.0 5.02 60.0 7.96 85.0 41.20 
12.5 2.36 37.5 5.33 62.5 8.36 87.5 41.40 
15.0 2.56 40.0 5.72 65.0 8.69 90.0 11.58 
17.5 2.87 42.5 6.09 67.5 8.95 92.5 11.70 
20.0 3.29 45.0 6.37 70.0 9.15 95.0 11.82 
22.5 3.78 47.5 6.59 72.5 9.37 || 100.0 11.98 
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Buffer Solutions from Individual Substances 


Substance pH 


Saturated potassium hydrotartrate solution 
(~0.025M@) KHC,H,0O, (molecular weight: 


188.183) 3.59 (16°C) 
Saturated piperazine phosphate* solution 6.36 (16°C) 
(~0.065™) C,H,,.N,HPO,-H,O (molecular 
weight: 202.148) 6.34 (18°C) 
0.054 sodium tetraborate solution Na,B,0, x | 9.18 (25°C) 
X 10H,O (molecular weight: 381.37) 9.07 (38°C) 


* Piperazine phosphate is prepared by mixing, at room temperature, 
equimolecular quantities of piperazine and phosphoric acid with the subse- 
quent crystallization of separated white lamellar crystals. 
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Determination of Electrode Potentials 
For the reaction 


Men+ -++ ne = Me®, 
the mathematical expression of the potential value of the metallic 
electrode immersed into a solution containing its ions is determined 
by the formula: : 


E Fo 


R 
|+-——- Ina 
Me™+/Meo | nF 


Me™+/mMeo Mc"t 


For an oxidation-reduction reaction with the participation of 
hydrogen ions 


aOx.+m H+ + nez=b Red.+—>- HzO 


the potential value of an electrode from platinum or other noble 
metal immersed into a solution of a mixture of oxidized and reduced 
forms of a given compound is determined by the formula: 


a 

RT [ox m 
= Fo es : 

Eox prea. = Hbx./Red. +> 8 G— FH 
“Red. 


If hydrogen ions do not participate in the given reaction, the 
©xpression assumes the following form: 
RT | 4x. 
Eox./Red. = HOx./Red. si nF In 


b 
*Red. 
In all these formulas . 
E = electrode potential 
E° = constant value which is characteristic of 
che given reaction (standard electrode poten- 
tial) 
R = gas constant 
T = absolute temperature 
n = 


number of electrons participating in the 
reaction 


F = Faraday’s constant (96 500 coulombs) 
@ment, Ao, Gped.» TH+ activities of the components participating 
in the reaction 
a, b, m = stoichiometric coefficients of the compon- 
onts acute in the reaction. 


In going ovor from natural to common logarithms, we obtain 
(when y= 1) 


a 
Fox Red. = Eds. rea, + 6 log 2or am 


Ht 
*Red. 
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Table 34 (continued) 


The values of O, equal to 0.0591 + 0.0002 (¢ — 25°C), aro given 
in Table 34,A, for temperatures ranging from 0°C to 50°C. 
When aox., @Red. and ay+ or aysont are equal to unity 


E = Eo 


In accepted usage, E° is called the standard electrode potential. 
Tho oxidation-reduction system is represented as a reduction reaction: 


Ox. + ne Red. or Me+-+ ne + Mel 


The potential of a single isolated electrode cannot be measured, 
and therefore the electromotive force a of an electrochemical cell 
consisting of two half-cells is measured; the value of the emf is equa 
to the difference of the electrode potentials of the two half-cells. 
If electrochemical cells are always formed with the same electrode 
whose potential remains constant and with various other electrodes, 
then upon measuring the emf, the value of the electrode potentials 
of the oxidation-reduction systems can be found relative to the poten- 
tial of the selected electrode, which in the given case serves as a refer- 
ence electrode (Eye). 

The standard hydrogen electrode (SHE) is used as a reference 
electrode. It consists of ‘a platinized platinum electrode immerse 
into an acid solution having ay+ = 1 (1N H,SO, solution) at a pres- 
sure of purified hydrogen gas equal to 1 atm. The potential o the 
standard hydrogen electrode (ESt+/H2) is conventionally taken as zero 
at any temperature. A 

The standard potentials (£°) of various oxidation-reduction 
(redox) systems relative to the potential of the standard hydrogen 
electrode are given in Table 40 (p. 300). The “--” and “—” signs of 
these potentials show the direction in which reaction occurs at the 
electrodes in question (provided that they are in the standard state) 
when they form a galvanic cell with a standard hydrogen electrode. 

A minus (—) sign of the potential value indicates that the sponta- 
neous reaction occurring at the electrode in question is the oxidation 
of the reduced form of the redox couple, and a plus (-|-) sign, the 
reduction of the oxidized form. 

In practice, it is easier to work not with a hydrogen electrode, but 
with other reference electrodes whose potentials are constant and 
determined relative to Egyz. Table 34,B (p. 268) gives the composi- 
jon and potentials (Eyer) of the most commonly used reference elec- 
trodes. 

When calculating the electrode potential of a redox system (E,) 
according to the result of the measurement of the emf of the galvanic 
cell in which the second electrode is one of the reference electrodes 
(see Table 34,B, p. 268), account must be taken of the sign of the 
electrode being examined. When the spontaneous reaction at the 
electrode in question is oxidation (i.c., when the electrode potential 
has a negative sign), then 


emf = Evert = E,, 
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Table 34 (continued) 
or, conversely, when this reaction is reduction, then 
emf = E.. — _Exert 
Hence, in the first case, 
E.. = Ever — emf 
and in the second, 


Ex, = Eye + omf 
For example, the measured emf of a galvanic cell consisting of 
a saturated reference calomel electrode (Egat op. = 0.247 V, see 
Table 35,B, p. at and a zinc electrode immersed in a solution (in 
which az,24 = 1) has an absolute value of 1.007 V. Since, in such 
a galvanic cell, a spontaneous reaction is the oxidation of metallic 
“_"" sign): 
Zn} — 2e > Zn®+ 
consequently: 
E3,0+/2n = Eret — emf = 0.247 — 1.007 = —0.760 V 


If an electrochemical tell consists of a saturated reference calomel 
electrode and a platinum electrode immersed into an iron salt solu- 
tion having @pes+ = @pe2+ = 1, then the emf value of this cell is 


+0.524 V. Since the spontaneous reaction at the electrode being 
considered is reduction ("-+” sign), iron (III) is reduced to iron (II): 
Fe?+ 4- e = Fe?+ 
then 
Evess/pe2t = Eret + emf = 0.247 + 0.524 = 0.771 V 


A. Values of & at 72 =1 and Temperatures Ranging from 0 °C to 50 °C 
(3 = 0.00019837 = 0.0594 -++ 0.0002 (tf — 25°C) 


Tem- 


log # vie. log 0 
°C 


.0544| 73 320 0.0557 
0.0543 73 480 0.0559 
0.0545] 73 640 0.0564 
(0.0547| 73 700 || 414 0.0563 
0.0549] 73 957 (), 0065 
0.0554] 74 14451 43 | 0.0507 
0.0553] 74 273 0.0589 
0.0555] 74 429 0.0574 


0 
1 
2 
3 
4 
5 
6 
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Table 34 (continued) 


77 012 
77 159 


77 305 
77 452 
77 597 
77 743 
77 887 
78 032 
78 176 


B. Composition and Potential of Selected Reference Electrodes 
Relative to the Standard Hydrogen Electrode (at 20 °C) 


Reference kenieoe Composition of reference | Potentias 


electrode eet? 


Standard hydrogen | Platinized platinum plate 0.000 
electrode (SHE) in 147 H,SO, solution, 
Pt, H, | Ht| saturated with H, undor 
a pressure of 1 atm 
Mercuriodide electrode | Metallic mercury, 4.2 g of| -+0.02 
(MIE) KI and 1.3 g of Hgl, in 
Hg | HgI2, KI, KCl] | 100 ml of saturated KCl 
solution 
Chlorosilver electrode | Metallic silver, coated with 
(CSE) a layer of AgCl, in an 
Ag | AgCl, Cl-| HCl or KCl solution hav- 
ing the following concen- 


trations: 
AN +0.290 
1.0N +0 .237 
Calomel electrodes (CE) |Metallic mercury, paste of 
Hg | Hg.Cl,, KCl | metallic mercury and 
Hg.Cl, in a KCl solution 
having the following con- 


centrations: 
1.0 (SCE) 4.0N +-0 284 
3.5 (3.5 SCE) 3.5N +0.250 
Saturated electrode | Saturated +0.247 
(Sat.CE) 
Mercurosulphate elec- |Metallic mercury, paste of| -+0.682 
trode (MSE) metallic mercury and 


Hg | Hg,S0,. H,SO, | Hg,SO, in 2N H,SO, solu- 
tion 
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Electrometric Determination of pH 


The hydrogen ion exponent pH = —log ag+. In the electrometric 
determination of the pH, the emf of one of the following cells is 
measured. 

(4) Indicator electrode: hydrogen electrode; reference electrode: 
SHE*. Then, 

Since Esp = 0 and 
EF ont/He = ¢ log aqr = —tpH 
then 
emf 
pH=— 

(2) Indicator electrode: hydrogen electrode; reference electrode: 
one of the calomel electrodes (CE). Then, 
hence, 
and 


= emf— op 
pH =—— 


(3) Indicator electrode: quinhydrone electrode; reference electrode: 
Ss H BE. Then, 
emf = Eguin./nydr. — EsuE 
Equin./hydr. = Equin./hydr. + log a: Cio Eguin./nydr. —pH 


pence, 
emf = Equin./hydr. — pH—Esup 


since Esur = 0, then 
Eo —emf 
H= quin./hydr. 
P ¢ 
(4) Indicator electrode: quinhydrone; reference electrode: CE. 
ghen, 
emf = Fouin.myar.—=cE 
pence 
emf = Ed uin.mnyde. -$ pH— Ecp 


——* Standard hydrogen electrode. 
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Table 35 (continued) 
and 


a Euin./hydr. —Ecru—emf 
ee 


The values of EQuin.faydr.» Ece and Eduin.myar. — 2cp at 
different temperatures are given in Table 35,A (p. 270), 35,B (p. 271) 
and 35,C (p. 272). 

When the pH is being found by methods (3) and (4), account must 
be taken of what was said on p. 266. As the pH value increases, the 
FE uin.myar, Potential decreases. The latter can decrease by so much 
that the spontaneous reaction at the quinhydrone electrode will be 
the oxidation of hydroquinone into quinone (“—” sign). Then, the 
calculating formulas change accordingly: 

for method (3): 


pH 


emf=Esup —Eguin.myar. = (ZQuin./nyar. —tpH)= 


emf+£E 
pH = a! 


0 
quin./hydr. 


quin./hydr. 
ci 


for method (4): 
emf = Ecg—quin.myar. = CE (Efuin.nyar. — 9 PH) = 
=Ece+t ph — Feuin./nydr. 
emf +- Fe yuin./nydr. —Ece 
i) 
A. Standard Quinhydrone Electrode Potential (HQ yin jnyar. ) 


at Temperatures Ranging from 0 °C to 50°C, EQuin. yar. = 
= 0.7175 —0.00074¢, V 


pH = 


Tem- Tem- Tem- 


0 0 0 
a Equin./hydr.? aloe Equin./hydr.? pera Equin./hydr.’ 
°C ’ Vv °G , Vv °C ’ Vv 


0 0.7175 9 0.7108 18 0.7042 
1 0.7168 10 0.7101 19 0.7034 
2 0.7160 114 0.7094 20 0.7027 
3 0.7153 12 0.7086 21 0.7020 
4 0.7145 13 0.7079 22 0.7012 
5 0.7138 14 0.7071 23 0.7005 
6 0.7134 15 0.7064 24 0.6997 
i 0.7123 16 0.7057 25 0.6990 


0:7116 17 0.7049 
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Table 35 (continued) 


atl ro Tem- 7 Tem- a 
re: quin hydr. ’ mere, E quin./hydr.” ae quin /hydr. ’ 


27 0.6975 35 0.6916 43 0.6857 
28 0.6968 36 0.6909 44 0.6849 
29 0.6960 37 0.6901 45 0.6842 
30 0.6953 38 0.6894 | 46 0.6835 
31 0.6946 39 0.6886 47 0.6827 
32 0.6938 40 0.6879 48 0.6820 
33 0.6931 44 0.6872 49 0.6812 
34 0.6923 42 0.6864 50 0.6805 


B. Potentials of Calomel Electrodes at Temperatures Ranging from 
0°C to 50 °C 
Ey IScE — 0.3365 — 0.00006 (25—t) V 
Egcr —= 0.2828 — 0.00024 (25 —t) V 


Egat. cp = 0-2438— 0.00065 (25 — 4) V 


Tem- Potential, V 


Tem- Potential, V 

pera- pera- 

ture, ture, 

°G Ey 1scx| Escr | Bsat.ce °C Fy ssc ESCE | Bsat.ce 
0 | 0.3380 | 0.2888 | 0.2601 | 19 | 0.3369 | 0.2842 0.2477 
1 0.3379 | 0.2886 | 0.2594 20 0.3368 | 0.2840 | 0.2471 
2 0.3379 | 0.2883 | 0.2588 24 0.3367 | 0.2838 | 0.2464 
3 | 03378 | 0.2881 | 0.2581 | 22 | 0.3367 | 0.2835 0.2458 
4 0.3378 | 0.2878 | 0.2575 23 0.3366 | 0.2833 | 0.2454 
5 0.3377 | 0.2876 | 0.2568 24 0.3366 | 0.2830 | 0.2445 
6 0.3376 | 0.2874 | 0.2562 25 0.3365 | 0.2828 | 0.2438 
7 0.3376 | 0.2871 | 0.2555 26 0.3364 | 0.2826 | 0.2431 
8 0.3375 | 0.2869 | 0.2549 27 0.3364 | 0.2823 | 0.2425 
9 0.3375 | 0.2866 | 0.2542 28 0.3363 | 0.2824 | 0.2418 


10 0.3374 | 0.2864 | 0.2536 29 0.3363 | 0.2818 | 0.2412 
41 0.3373 | 0.2862 | 0.2529 | 30 | 0.3362 | 0.2816 | 0.2405 
12 0.3373 | 0.2859 | 0.2523 | 34 0.3361 | 0.2814 | 0.2399 
13 0.3372 | 0.2857 | 0.2516 32 0.3361 | 0.2814 | 0.2593 
14 0.3372 | 0.2854 | 0.2510 || 33 | 0.3360 | 0.2809 | 0.2386 
15 0.3374 | 0.2852 | 0.2503 | 34 | 0.3360 | 0.2806 | 0.2379 
16 0.3370 | 0.2850 | 0.2497 35 0.3359 | 0.2804 | 0.2373 
17 0.3370 | 0.2847 | 0.2490 | 36 0.3358 | 0.2802 | 0.2366 
18 0.3369 | 0.2845 | 0.2483 37 0.3358 | 0.2799 | 0.2360 


Table 35 (continued) 
Potential, V 


Potential, V ] Tem- 
pera- 
ture, 


°c 


Eo.1scB| Egscr | Bsat.ce Fo.18cR| Fscr |#sat.ce 


38 | 0.3357 | 0.2797 | 0.2353 | 45 | 0.3353 | 0.2780 | 0.2308 
39 | 0.3357 | 0.2794 | 0.2347 | 46 | 0.3352 | 0.2778 | 0.2301 
40 | 0.3356 | 0.2792 | 0.2340} 47 | 0.3352 | 0.2775 | 0.2295 
41 | 0.3355 | 0.2790 | 0.2334 | 48 | 0.3351 | 0.2773 | 0.2288 
42 | 0.3355 | 0.2787 | 0.2327 | 49 | 0.3354 | 0.2:70 | 0.2282 
43 | 0.3354 | 0.2785 | 0.2321 50 | 0.3350 | 0.2768 | 0.2275 
44 | 0.3354 | 0.2782 | 0.2314 

C. Difference between the Standard Quinhydrone Electrode 
Potential (£°.4,. fydr.) and the Potentials of the Reference 
Calomel Electrodes (EZog) at Temperatures Ranging from 0 °C 
£050 °C (Bouin myar.— ¥cr) 


| | | S | | I 
Sa c s ¢ 5a 5 Ss. 
am 89 as oe aD as 
as | 32 | 28] 2 | 2e | 37 | 22 
i ty | a | é | ey a | 
0.3795 | 0.4287 | 0.4575 26 0.3618 | 0.4157 | 0.4551 
0.3788 | 0.4282 | 0.4574 27 0.3614 | 0.4152 | 0.4550 
0.3781 0.4277 | 0.4573 28 0.3605 | 0.4147 | 0.4549 


0.3775 | 0.4272 | 0.4572 | 29 0.3598 | 0.4142 | 0.4548 
0.3768 | 0.4267 | 0.4571 | 30 | 0.3591 | 0.4137 | 0.4548 
0.3761 | 0.4262 | 0.4570 || 31 0.3584 | 0.4132 | 0.4547 
0.3754 | 0.4257 | 0.4569 | 32 | 0.3577 | 0.4127 | 0.4546 
0.3747 | 0.4252 | 0.4568 || 33 0.3571 | 0.4122 | 0.4545 
0.3744 | 0.4247 | 0.4567 || 34 0.3564 | 0.4117 | 0.4544 
0.3734 | 0.4242 | 0.4566 || 35 | 0.3557 | 0.4112 | 0.4543 
10 | 0.3727 | 0.4237 | 0.4566 |} 36 0.5550 | 0.4107 | 0.4542 
11 0.3720 | 0.4232 | 0.4565 |} 37 0.3543 | 0.4102 | 0.4541 
12 | 0.3713 | 0.4227 | 0.4564 || 38 0.3537 | 0.4097 | 0.4540 
13 | 0.3707 | 0.4222 | 0.4563 |} 39 0.3530 | 0.4092 | 0.4539 
14 | 0.3700 | 0.4217 | 0.4562 |} 40 | 0.3523 | 0.4087 | 0.4539 
15 | 0.3693 | 0.4212 | 0.4561 | 41 0.3516 | 0.4082 | 0.4538 
16 | 0.3686 | 0.4207 | 0.4560 || 42 0.3509 | 0.4077 | 0.4537 
17 0.3679 | 0.4202 | 0.4599 | 43 0.3503 | 0.4072 | 0.4536 
18 | 0.3673 | 0.4197 | 0.4558 |) 44 0.3496 | 0.4067 | 0.4535 
19 |] 0.3666 | 0.4192 | 0.4557 || 45 0.3489 | 0.4062 | 0.4534 
20 | 0.3659 | 0.4187 | 0.4557 | 46 0.3482 | 0.4057 | 0.4533 
21 0.3652 | 0.4182 | 0.4556 | 47 0.3475 | 0.4052 | 0.4532 
22 | 0.3645 | 0.4177 | 0.4555 | 48 | 0.3469 | 0.4047 | 0.4534 
23 | 0.3639 | 0.4172 | 0.4554 |} 49 0.3462 | 0.4042 | 0.4530 
24 | 0.3632 rae 0.4553 || 50 0.3455 | 0.4037 | 0.4530 


OeCrncoomewhre so | Temperature, °C 
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Table 36 


Change of pH in Precipitation of Metal 
Hydroxides (Approximate Values with Account Taken of the 
Formation of Hydroxocomplexes) * 


pH values 
peginning of preci- complete 
‘ pitation. with the hove Begianine Of conpiets 
{ydroxide | initial concentration dual con- | Of the preci- dissolu- 
ae ee Pee : centration | Pitate (preci-| tion of 
pitated equal to | heing tess | PHOTO be | clpitate 
Re vie an Cc ] ti 
im | 0.01M 10-5 M) Supls 
Sn(OH), 0 0.5 4 13 15 
TiO(OH), 0 0.5 2.0 ae 
Sn(OH), 0.9 2.4 4.7 10 13.5 
ZrO(OH), 1.3 2.25 3.75 a ee 
HgO 1.3 2.4 5.0 41.5 = 
Fe(OH 1.5 2.3 4.4 14 pes 
Al(OH); 3.3 4.0 5.2 7.8 10.8 
Cr(OH), 4.0 4.9 6.8 42 15 
Be(OH), 5.2 6.2 8.8 ae S 
Zn(OH), 5.4 6.4 8.0 10.5 12-13 
Ag,O 6.2 8.2 44.2 42.7 ee 
Fe(OH), 6.5 7.5 9.7 13.5 = 
Co(OH), 6.6 7.6 9.2 14.4 oF 
Ni(OH) 6.7 Ty 9.5 — ae 
Cd(OH), 7.2 8.2 9.7 ot a 
Mn(OH), 7.8 8.8 10.4 14 = 
Mg(Oll)o 9.4 10.4 12.4 = os 


Dees I ee memes ae 


——————e- 


fhe precipitant drops fall. Upon stirring, a ba 

ck di 
fate formed, doer, Hol often, take place (eee Table 10° for various. values of 
ageing). ydroxides during precipitation and after some 
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Table 38 


Dissociation Constants of Complex Ions 


The subscripts of K denote the number of groups of a ligand of 
a central atom of a complex which is dissociated by one step, for 
example, for Fe®+ complexes with chloride ions: 


Ki= [Fe3*][Cl-] x, —Pecl*1 (C1 | 
ve TFeCl2+]’ : [FeCli] ° 

x, —(FeCls] (Cl) | x, — [FeCls] [Cl-] 
3 TFeCls]_—’ ~[FeClz] 


Two or more subscripts are written for complete dissociation con- 
stants of complexes with the corresponding number of groups of a 
ligand, for example: 

__ [Fo3+] (Cl-P _ [Fe%*] [CI-} 
= Ky, 2,3- [FeCl3] ’ 
K _ [Fe3+] [Cl-]4 
1,2,3,4= [FeCl;]} 

Evidently, Ky,2 = Ki:Ke} Kis = Ky:Ka-Ka, ete. The table 
gives their inilicee and not the constants themselves, i.e., the loga- 
rithms of the constants taken with an inverse sign: 

pk, = —log Ky; pk, = —log Kz; pX1,2 = —log Ky,2, etc. 

The indices of only complete dissociation constants are given; 


} i bove that the indices of the constants 
lowever, it follows from the above nt ee round by the differences: 


Ki,a= —Trechy 


of separate dissociation steps can easi 
pK, = pKy,2 — Pky; PAs = PKj,2,3 — PX1,2 ete. 
All data are given at temperatures of 20-30°C. 


PK4,9,3,4,5.6 
Ionic strength 


Central ion 


A. Complexes with Inorganic Ligands 
Complezes with ammonia (NHs) 


Agt 3.32 7.24 — = = = 0 
Aut ? 27 me = _ ? 
Aut ? ? ? 30 = _ ? 
Cd2+ 2.54 4.47 5.77 6.56 6.26 4.56 0 
Co2+ 1.99 3.50 4.43 5.07 5.13 4.39 0 
Co3+ 7.3 14.0 20.4 20.7 30.8 39.21 2 
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a 
s 2 
r= < a ve < 
3 a a a 7 
cut | 5.93 | 10.86 | — — 
Cut | 3.99 | 7.33 | 10,06 | 12.03 
e2t : 4 3.7 
Hg?+ 8.8 17.5 18.5 19.3 
Meg2+ 0.23 0.08 {—0.34 |—1.04 
g ; 
Mn2t 0.8 1.3 ? ? 
Nie 2.07 | 4.79 | 6.40 | 7.47 
T13+* ? i 2 7 Qe 
Zn? 2.18 a 6.74 oe 

romid 

4.38" | 7 Soe 
? ee 13 
Doha 
6.334 3) 
2.83 7.84 
= 2.93 
oe ~~ 
a ai) 
195, ~ 
2.48 24 
a? 300 
re 9°42 
"ag | 13°98 
os” | 2q°40 
“8 ‘ 
Sy NN 
> Nos 
‘ee 83°23 
a ‘9 


Table 88 (continued) 


= - 
1 | sy | PHY ,9,3,4,5 


lo} 
bw 


bo 
on 


BP ek PCR LD OP oR EOP ob PSE ee ol 


LS) 
Ss 


BARA Areas 


PK 49,344,556 


Cwuw oo 
Rape me es 
8D 


wo 


oOo 


VV VL tent FI 


NNWNCSD |] Ionicstrength 


= 
= 


Aarvts 


SOOOVWOCOVrKP COC CwOo CH Vv vs 


Central ion 


Agt 
A]8+ 
AsQ+ 
Ba2+ 
Be2+ 
Bis+ 
Ca2+ 
Cd2+ 
Ce3+ 
Ce4t 
Co2+ 
Cr8+ 


pK, 


2.30* 
9.04 
14.33* 


— 
(oe) 


= — 
NO 


= 
oO 


* 


NOOB NSO 


= 
oO 


joke 
Mo MWD DE WOWOODNOE AND 
Oh 
* 


= 
~ WDE OWNOOO — SBKWNOWHDOORKFRUNOP WOH 


Gos Yo 
[oKon) 


wwaowe 


-= 


4.0 
? 
18.73 


? 
15.8 


8.33* 


27.06 
46% 


Hydrozocomplezes (OH~) 


5.2 
? 
20.60 


15.24 
> 


9.02 


>—~— 
or oO 
allo 


w 
Oo 
x 

* 


. ~~ 7 mgs ot tt 


wo i) 
tw = 
We 


~l | ~~] | 


13,44 
41.91 


* Neutral molecules in solution. 
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Table 38 (continued) 
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PK 4, 2,3,4,5.6 


Tonic strength 
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Table 38 (continued) 


§ fe a = 
gs} €|¥}|¢ | eg | ¢ | ¢ |e 
Ilypophosphite Compleres (11,P?Oz) 
Fe3+ | 2.77 | — | — [| — [| — [| — |[ ? 
lodate compleres (103) 
Ag* 0.63* |] 1.90 — — = 12. 0 
Ba?+ 1.4 _— — _ — — 0 
Ca?+ 0.89 — — — — — 0 
Cu?+ 0.82 — — _ ~ _ 0 
Mg?+ 0.72 — _ = _ — 0 
Sr2+ 0.98 _ _ _ — _ 0 
ThlY | 2.88 | 4.79 | 7.15 _ _ — 0.5 
Ti+ 0.50* _ — — — ) 
Iodide complexes (J) 
Agt 6.58* | 11.74 | 13.68 | 13.10 _ — 0 
Bi3+ 2.89 ? ? 14.95 | 16.80 | 19.1 0) 
Cd2+ 2.28 3.92* | 5.00 6.10 — — 0 
Cut ? 8.85 _— — — —_ 0 
Fe3+ 1.88 ? ? _ _ _ 0 
Hg2+ | 12.87 23.82* | 27.60 | 29.83 _— — 0.5 
In3+ 1.64 2.56 2.48* | .— _ —_ 0.7 
pb2+ 1.26 2,80* | 3,42 3.92 _ — 1 
TI+ 1.41* 1.82 2.0 1.6 _ — ? 
T13+ 41.41 | 20.88 | 27.60* | 31.82 — — 0 
gn2+ |—2.9 —1.6* |-1.7  |—2.3 — — 4.5 
Carbonate compleres** (CO3-) 

or | 3.2% | — _ = ~ 25 lit sO 
Care | 6.0%. | 10.0 = = = = 0 
Me?2* 3.40* ; aa cams = = = 0 
yz" ? 14.6 18.3 _ = — 0 

Nitrate complexes (NO3) 

+ |—0.29* = =a = a = 0 
Agi. | 2 | — ~ — = 2S. 11-00 
Bi3* 1.26 = — — _ = 0.1 
Ca2t 0.28 = toms = a ao 0 
Cd2+ 0.40 — _ — —_ — 0 
Cest 4.04 1.54 _ _ = _~ 2 

1.0 = _ — _ _ 0 


* Neutral molecules in solution. 
«* For Ca(HCOg)z2 and Mg(HCOs)e, pK1 is equal to 1.26 and 1.16, res- 


pecti vely: 
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Table 38 (continued) 


2 3 
5 4 4 = 
= < + < ° 
3 3 3 3 
2 a e ea a a bi 
iS 7 2 2 3 ° 
c - — -— ~~“ “— —_ a 
§ ~ ~ ~ e x ss A 
1S) = a [oy a. a Q ~~] 


Hey | 0.92 1.51 1.89 | 2.08*] 2.08 | 4.84 4 
Hg3t U.08 0.24* — — _ — 0.5 
Hg?+ 0.35 |~u* _— = = = : 
La®+ 0.26 = ES = ee ae { 
Pb2+ 118 = = = = = 0 
Pulv O54 — = = = = 4 
Sr?+ (82 — — = —_ ae 0 
Thiv | 0.78 1.41 1.00 | 0.74*} — = 2 
TI+ 0.33* = ba a = 0 
TI3+ 0.92 = = ne a a 0.6 
ry 0.36 0.47 0.42 | 0.148%] — By 4 
Uozt |—1.4* |—1.4* |—0.5 = is = 4 
Zri¥ 0.34 0.44 |—0.26 ]—0.82* |~—1.5 |~—1.7 | 4 


Nitrite compleres (NOz) 


Agt 1.88* | 2.83 _ — _ _ ? 
Cd 2+ 1.80 3.01* 3.81 3.1 _ _ 3 
Cu*+ 1.26 1.56* | 1.16 _— _— — 5 
Hg?+ ? ? Poe gant oS = ? 
Perchlorate compleres (ClOq) 
Ce3+ 1.914 — = —_ = = 0 
Fe3+ | 1.15 — _ = | aa | = | 0 
Hg3+ |—0.05 — — = _ _ ? 
Pyrophosphate compleres (P,04-) 

Ba2+ | 4.64 = = i 2. = ? 
Ca2+ 5.00 _ —_ _ = = ? 
Cd2+ 5.6 4.18 — _ — _ 3.5 
Ce3+ 17.15 — = as ~ ae 0 
Co?+ 4.0 — — _ = _ ? 
Cut ? 26.72 _ _— _ _ ? 
Cu2+ 5.20 | 10.30 = as — = ? 
Fe3t ? 5.55 — — — — ? 
Kt 2.3 _ — — — = 0 
Lit 2.39 _ _ = — — 4 
Mg?+ 5.70 — — = _ —_ 0.02 
Nat 2.22 = = = = oe 0 
Ni?+ 5.82 7.419 _ _ — — 0.1 


* Neutral molecules in solution. 
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fable 38 (continued) 


Central ion 
pki 

PKy,9 
PKj,9,3 

PK 4 9,3,4 

PK 4 19,3,4,5 
PK 4,9,3,4,516 
Ionic strength 


Pb?+ | 11.24 


— 
for) 
On 


4.69 | 1.9 
8.7 | 14.0 


Pyrophosphate compleres (I1P,03-) 
Cu** i 10.0 | — | | 


ae ae 
bib esd 
Prk oed 
PTI dt 
~wIVwvo 


Lit 


Pyrophosphate compleres (H,P,03-) 


Sn?+ .48* | 6.08 _ | — _— 
SnOH+} 5, 7.30 _ _ _ 


Rhodanide compleres (SCN-) 


wo 
Oo 
=~ 
Dl 
Wms 


—= 
~~ 


* & 


. 
? 
1.4 
1.7 
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3.08 
? 
2.3! 
0.9 
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* Neutral molecules in solution. 
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Table 38 (continued) 


Central ion 
PK 4 2,345 
PEs, 2,344,546 
Tonic strength 


pKi 
PK 9 
PKy 9,3 


Selenate complexes (3e02-) 

Selenite complexes (SeQ3-) 

Cd?+ ? 5.15 | —_— | 
? 1 ae 


Cd?+ 2.27* 
Zn?+ 2.19% 


| | 
o 


1 | 
| | 


2.48 _ | 
Sulphate complexes (SO}- 


5.1 
0.28 


Py G9 Go Co Co Go DO tO 
** & 


*** * 


* 
wmrwenan 
oc 
* 
cuet 


Cc COW We eww 
flulolll lll l | owe! ~t lI} tt 


* ** 
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for) 
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* Neutral molecules in solution. 


19—1845 
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Table 38 (continued) 


PHY .2,3,4,5,6 
Tonic strength 


Central ion 
PKy9,3,4,5 


UO3t+ | 2.72*] 4.20 — = = a 0 
VO2+ | 2.48%} — = = ae — 0 
Zn?+ | 2.34*| — ~ — — — 0 
Zri+ 3.79 6.64* | 7.77 — = = 2 
Sulphite compleres (SO3-) 
Agt 5.60 8.68 9.00 — a oe 0 
Cd2+ ? 4.49 _ _ — aa 1 
Cut 7.85 8.70 9.36 = ~ _ 4 
Hg*+ 24.07 | 24.96 = a = 0 
TIS+ ? ? ? 34 — = ? 


Thiosulphate complezes (S203) 


Tetrametaphosphate complezes (P,04#7 


Ag+ 8.82 | 13.46 | 14.15 = — — 0 
Ba2+ | 2,33*} — = = = as 0 
Ca?+ 4.91*} — = = = a 0 
Cd2+ | 3.94*| 6.48 | 8.2 ? _ Ease 0 
Co2+ 2.05*} — = = — = 0 
Cu+ | 40.27 | 12.22 | 13.84 = _ — 2 
Cu2+ ? 42.29 a _ _ _ ? 
Fe?+ 2.0* ? ? |<2 — = 0 
Fe3+ | 2.10 a = _ — — 0.5 
Hg?+ ? 29.86 | 32.26 | 33.64 = 2 0 
K* 4.00 a — — — — 0 
La+ | 0.8 Ee _ = — = 4 
Mg2+ |} 1.79*| — =e = = oo 0 
Mn2+ | 1.95*| — = = = “= 0 
Nat 0.58 a ex = aa _ 0 
Niz+ | 2.06*} — _ = = = 0 
Pbh2+ | 2.7* | 5.43 | 6.35 | 7.2 _ _ ? 
Sr2+ 2.04*| — sat ee e es 0 
Tit | 4.91 | — 2 = = a 0 
T13+ ? ? ? 4A an = ? 
Zn2+ | 2,29*| 4.59 >? |<0.6 = = 0 
) 
Ba®+ | 4.99 = a ie ey oe. 0 
Ca2+ | 5.42 * — = = ee, 0 

La3+ 6.66 = = a _ a 0 

Mg?+ | 5.47 ce ae = = = 0 


* Neutral molecules in solution. 
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Table 38 (continued) 


fond ~~“ ~”_ _ ~_ -_ — 
s,e{[ze]}¢]e¢]f][e 8 
Mn?+ 5.74 —_ _— = a 0 
Ni?+ 4.95 _ _ — — = 0 
Sr2+ 5.15 _ _ — _ — 0 
Trimetaphosphate complexes (P303~) 
Ba?+ 3.35 —_— — — = = 0 
Ca2+ 3.45 _ 1 _ = _ 0. 
La$+ 5.70 _ _ = _ _ 0 
Mg?+ 3.34 _ _— — a = 0 
Mn?+ 3.57 _ _ = = = 0 
Nat 1.17 —_— — _ a a 0 
Ni?+ 3.22 _ _ = _ — 0 
Sr?+ 3.35 — — —_ = _ 0 
Phosphate complexes (PO}) 
Cet 1 18.53*| — | — | -— I - I — I 0 
Phosphate complexes (HPO{-) 
Ca2+ 2.70* _ _ — = 0 
Fe3+ 9.75 _ _ = — _— 0 
Mg?+ 2,50* _ _ = _ — 0 
Pul¥ | 42.9 | 23.7* | 33.4 | 43.2 | 52.0 — 2 
Phosphate complexes (H,P07) 
Al8+ [~3 ~5.3  |~7.6* _ _ _ 0.4 
Ca2+ 41.08 _ = = — _— 0 
Cu2+ ? 1.49* _— — — — 0 
Fe3t+ 3.5 ? ? 9.45 _ _— ? 
UOzt | 3.00 5.43* | 7.33 _ — — 0 
Phosphate compleres (H3PO,) 
piv, 23 f= | = | - f= y= 12 
Thiv | 1.89 — _ _— — — 2 
UOz+ |<1.8 3.9 5.3 — _ —_ 0 
Fluoride complexes (F-) 
Ag* 0.36* _— _ — — — 0 
Al8+ 7.40 | 11.98 | 15.83* | 18.53 | 20.20 | 20.67 0 
Ba?+ |<0.45 _ = -- _ _ 0 


* Neutral molecules in solution. 
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Table 38 (continued) 


PK, 9,3,4,556 
Ionic strength 


Central fon 
PK 4 ,0,3,4,5 
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* Neutral molecules in solution. 


Central fon 
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* Neutra] molecujes in sojution. 
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Table 38 (continued) 


PK 23,4556 
Ionic strength 
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Table 3S (continued) 


e = & 

s Ss a = 5 

BI te i i SS x ss 3 

1S} Q a fon Q a = Land 
Hg*+ | 18.0 | 34.70* | 38.53 | 41.51 — — 0 
Ni2+ ? ? ? 31.0 | 30.3 _ 0 
TIS+ ? ? ? 35 — 0 
Zu2+ ? ? 17 19 — — ? 
B. Complexes with Organic Ligands 

Acetate compleres (CH],CUO-) 
Agt 0.73* | 0.64 = ee ~ — 0 
Ba?+ | 0.41 Se = ses ~ — 0 
Ca2+ 0.77 -_ = = - — 0 
Cd** | 1.30 | 2.28*| 2.42 | 2.00 oe _ 3 
Ce3+ 1.68 | 2.65 | 3.23*] — — _ 1 
Cu*+ | 2.24 | 3.30*] — = = _ 0 
Fe2+ | 3.2 6.1% | 8.3 ee — _ 0.4 
Fe+ | 3.2 se aie = a as 4 
In3+ 3.50 | 5.95 | 7.90*] 9.08 — -- 2 
Mg?+ | 0.82 _ — — — — 0 
Mn2+ | 4.2 = = = — —_ 0 
Nie il ate. || Ssrey) ee — — — 6 
Pb** | 2.52 | 4.0* | 6.4 8.5 -- — 0 
Sr2+ | 0.44 aa 2 oe = — 0 
Tle =|—0.11* | — = — — — 0 
‘T13+ ? ? ? 15.4 — — 0.2 
uoz+ | 2.38 | 4.36%] 6.34 — _ -- 4 
Zn2* | 1.57 ~ a — — — 0 
Oxalate complexes (COO)2- 

Al3+ | 7.3 | 43 16.3 — — — 0 
Ba®+ | 2.3% — _ — — — 0 
Be?+ |~4* ~6.5 _ — _ — ? 
Ca2+ |~3* — — — — = 0 
Cd2+ | 4.00*| 5.77 ~ — — = 0 
Ce3+ | 6.52 | 10.48 | 14.30 = = — 0 
Co2+ | 4.7* | 6.7 9.7 = = — 0 
Cue+ | 6.7* | 10.3 ~— — — = 0.3 
Fe?+ ? 4.52 | 5.22 = — — 0.5 
Fe+ | 9.4 | 16.2 | 20.2 = — - 0 
Mg2+ | 2.55*| 4.38 — — — — 0 
Mn™ | 3,82*| 5,25 — — _ 0 


* Neutral molecules in solution. 
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Table 38 (continued) 
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* Neutral molecules in solution. 
** CaHSalt => Ca2+-+ FSal-. 
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Table 38 (continued) 


i= re) = F 

= “ < 2 = 
Cu? ® | 10.6% | 18.45 _ — _ — V0.1 
Fe? 6.55" | 41.25 -- _ fe aa 0.1 
Fe? 116.48 | 28.46 | 36.84 _ -- _ 0,25 
Ni* | 6.95* | 41.75 -- ~ — — 0.4 
ae ee 7.60* | 10.05 | 11.60 a a 0.4 

3 Deh cee We aA i oS : 

Sulphosalicylate compleres [CgH,0(COO)(SO3)]}9- 
AL3+ 13.20* | 22.83 | 28.89 _ _ = 0.1 
Be?+ | 41.71 | 20.81 _ = BE = 0.1 
Cu?* 9.52 | 16.45 _ ee at ea 0.4 
Fo®+ 5.90 9.90 _ = aa fe 0.1 
Fo3+ | 15.02* | 25.76 | 32.60 _ — = 0.4 
Mn®+ | 5.24 8.24 — es ae — 0.1 
UO$s | 11.14 |-19.20 _ =e = = 0.1 
Tartrate complezes |(CHOII),(COO)]3- 
Ba?+ 2.54* _ — = = = 0 
Ca2+ 2.98% | 9.0! — = sees = 0 
Cue+ | 3.00*| 5.41 | 5.76 | 6.20 _ — 1 
Fe3+ 7.49 — _ = < = ? 
Mg?+ 1.30% _ a bey =. me 0.2 
Pb?+ 3.78* -- _ — es _— pe 
Sr2+ 1.59* — = =e = — 0.16 
Zn?+ 2.68* _ _ = = a 0.2 
Complexes with phenanthroline (C,,HgNo) 
Agt 5.02 | 12.07 _ = — = 0.4 
Ca?+ 0.5 — —_ — — eee 0.5 
Cd?+ §.4 11.6 15.8 — _ = 0.1 
Co2+ 7.25 | 413.95 | 19.90 — —_ aes 0.4 
Cu2+ 9.25 | 16.00 | 21.35 _- — _ 0.1 
Fe?+ 5.85 ? 21.3 — _ —_ 0 
Fost 6.5 11.4 23.5 _ — ae 0.4 
Zn2+ 6.43 | 12.45 | 17.0 — _ — 0.1 
Citrate complexes [(CH2),C(OH)(COO)s]3- 

Ba?+ 2.84 _ — —_ — 0.08 
Be?+ 4.52 — — —_— — — 0.15 
Ca2+ 4.85 _ — _ 0 


* Neutra) molecules in solution. 


297 


Table 38 (continued) 


Central ion 
PK 49,3445 
PRY 2,3,4,5.6 


PKy 9 
PKy 9,3 
pK, 2,3,4 


Ionic strength 


Cd?+ 5.36 — _ — _ 0 

Cot+ 4.83 _ _ — — as 0.06 

Cut+ | 14.21 | — — — _ — 0 

Fe*+ 3.08 _ -~ _ ~ oe 4 

Fe®+ | 41.7% | — — - - — 0.4 

Mg?+ | 3.20 | - -~ — - = 0.09 

Mn?*+ 3.67 _ — “= -~ ae 0.15 

Nie+ | 5.41 es a = — — 0.15 

Pb?+ | 6.50 | — = = = ay 100 

Sr?¥ | 2.90 oe = = - - 0.45 

UO}* | 7.40 _ -_ _ _ _ 0.4 
Citrate complexes [(CI,)gC(OM)(COOH)(COO).]?~ 

Be?+ | 2.22%) — _ — — = 

Ca2+ | 3.29%] — — — — a 

Fet+ | 2.42*] — = a = = 

Fe3+ 6.3 _— _ — — = 

Phe+ | 5.72*| — = = = = 


* Neutral molecules in solution. 


Ethylenediaminetetraacetate complexes 


CH.COOH CH,COO- 
H.C ; HAC NC 
\cH,COO- CH,COO- 
(HY3-) (Y¢-) 
CH,COO- CH,COO- 
HeC—NZ 7 HG NC e 
\CH,COO- CH,COO- 


(Ethylenediaminetetraacetic acid, H,Y) 
(Ionic strength = 0.1) 


Central ion 


Central ion pK ,HY3- pk 1Y4- PRKiHY3- | pkKi1Y4- 
Agt 3.07 7.32 || Baz+ 2.07 | 7.78 
Al?+ 8.4% 16.13 | Cat 3.51 | 40.57 


* Neutra] mojecules in solution. 
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Table 38 (continued) 


Central ion pK,;HY3- pKiY4- | Central ion pKiHY3- pKy1Y4- 
Cd2+ 9.10 16.59 || Nat = 1.66 
Ce3+ ? 16.01 || Ni2+ 41.56 18.62 
Co2+ 9.15 16.21 || Pbh2+ 10.61 18.04 
Co3+ ? 36 Pd3+ ? 18.5 
Cr3+ ? 24.0 Sc3+ ? 23.1 
Cu2+ 11.54 418.80 |} Sr2+ 2.30 8.63 
Fe?+ 6.86 14.33 || That ? 23.2* 
Fe3+ 16.2* 25.40 | Ti3+ ? 21.3 
Ga3+ 11.39% 20.27. || Tio2+ ? 17.3 
Hg?+ 14.6 21.80 || T13+ ? 5.8 
In3+ ? 24.95 + ? 42.70 
La3+ ? 15.19 || v3+ ? 25.9 
Mg2+ 2.28 8.69 || VO2+ ? 18.77 
Mn?2+ 6.9 14.04 || Zn2+ ? 16.50 


* Neutral molecules in solution. 
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Table 39 


Mobility of Selected Ions at 25 °C 
and Infinite Dilution 
Equivalent conductivity (ohm-!-cm2) of the electrolyte Apa is 


numerically equal to the sum of the mobilities of both ions: Apa = 
=)yt i Aa- 


q a Toe ff 
K 4 Fe(CN)§- 414 
Nui 76 1/3 Fe(CN)3- 104 
1/2 Pb? 2 Beene ee 
1/2 Phe 1/2 CrO3- 82 
1/3 Fe’* 68 Br-- 81 
he es 1/3 PO3- 80 
Agt I- 8 
12 Ga 62 Cl- 79 
4/2 Sr@+ 62 NO= 1h 
4/2 Cu?* 57 /2'C.02- 
Fae 1/2 C03 74 
aes 56 ClO; 74 
g° 55 4/2 CO3- 70 
1/2 Fe? 54 COs 46 
1/2 Nit+ 52 CH,COs 42 
Nat 52 103 4A 


Lit 39 


300 
Table 40 


Standard Oxidizing Potentials (E°) Relative to 
the Potential of a Standard Hydrogen Electrode* at 25 °C 


(,==saturated solution in the presence of a solid or liquid substance; 
+=solution saturated with gas under a pressure of 1 atm) 


pepe Highest degree Seas Lowest degree of 


ment of oxidation oxidation 


g g 

Ag.CrO, } + Cr03- 
Ag,Fe(CN), } 4Ag 

Agl A 


+ Fe(cN)t- 


AgN 

2Ag0 | + H,0 
AgO* -++ 2H* 
Ag,O | + H,0 


2Ag 
2Ag| + WO? 


AlO; + 2H,0 


Al(OH 
Alsen? 


*For the use of the table, see p. 476. 


BiOCl| + 2H* 


Br +2e 
oH Br0 + 2H+ +2e 
2BrO- + 2H,O +2e 


3ut 


Table 40 (continued) 


Symbol] dighest degre west degrec of 
Gnent rae OrHGLDA -pne aa Taidaton . | Eo, Vv 
As} + 3H+ +3e | AsH, —0.60 
As} + 3H,0 -|-3e AsH, + 30H- —1.37 
HAsO, + 311+ +-3e | As} + 2H,0 +0,.247 
As II,AsO, + 211+ +2e | HAsO, + 2H,0 -+0.56 
AsOz + 2H,0 +3e | As}+ 40H-~ —0.68 
AsO$- + 2H,O +2e | AsOz + 40H- —0.71 
Au3t+ +2e | Aut +1.44 
Au3+ +3e | Au +1.50 
Aut +e | Au -+1.68 
AuBrg +e Au} + 2Br- +0.96 
AuBry +2e | AuBry + 2Br- +0.82 
AuBryz -+3e | Aud + 4Br- +0.87 
Au(CN)z +e | Au} + 2CN- —0.61 
Au AuClz ‘ke | Au} -+ 2Cl- +4.41 
AuCl> +2e | AuCly + 2Cl- +0.93 
AuCly +3e | Au} + 4Cl- +0.99 
H,AuOs 4- H,O | +3e | Au} + 40H- +0.7 
Au(SCN)z +e | Au} + 2SCN- +0.69 
Au(SCN); +26 Au(SCN)g ae 28CN-| +0.64 
Au(SCN)z +3e | Au}-+4 +0.66 
HsBO, + 3H+ +3e | B} + 3H,O —0.87 
B H,BO; + H,0 +3e | B} + 40H- —1.79 
BF; +3e | BY + 4F- —1.04 
Ba | Bat | +2e | Ba} | —2.90 
Be Be?t+ +-2e | Be} —1.85 
Be,02- + 3H,O +4e | 2Be} + 60H- —2.62 
BiOt + 2H+ +3e | Bi} + H,O +0.32 
Bi} + 3Ht +3e | BiH <—0.8 
NaBiO,} + 4H+ | +2e | BiO* + Nat + 2H,0| >+1.8 
BiClz +3e | Bi} + 4Cl- +0.16 
Bi,O,} + 4H+ +2e | 2BiO0+ + 2H,O +1.59 
Bi,O,) + ny +2e | Bi,O,;} + 20H- +0.56 
Bi,O, 3H,O 2Bi} + 60H —0.46 


Br, + 2H,0 
Br, + 40H- 


Highest degree 


me of oxidation ne | oxidation E°, Vv 
HBrO + Ht +2e | Br- + H,O +1 .34 
Br | BrO-+ H,O +2e | Br- + 20H- +0.76 
BrOs + 5H+ +4e | HBrO + 2H,0 +41.45 
BrO; + 2H,0 +4e | BrO- + 40H- +0.54 
2BrO3 + 12H+t +10e] Br. + 6H,O +4 .52 
2BrO; + 6H,O +410e] Br, + 120H- +0.50 
BrO; + 6H+t +6e | Br- + 3H,0 +1.45 
BrO; + 3H,0 +6e | Br- + GOH- +0.61 
CH,0H + 2H+ +2e | CH, ++ H,0 +0.59 
C,H,OH 4- 2H+ | +2e | CoH, t+ H,0 +0.46 
CyH,0, + 2H+* +2e | C,H,(OH). +-0.6994 
(quinone) (hydroquinone) 
(CN), ++ 2Ht+ +2e | 2HCN +0.37 
2HCNO + 2H+* +2e | 2H,0 + (CN). t +0.33 
HCNO + 2Ht+t +2e | HCN +4- H,0 +0.35 
CNO--+ H,O +2e | CN- + 20H- —0.97 
Cc HCHO + 2H+ +2e | CH,0H +0.19 
CH,CHO + 2H+ | +2e | C,H,OH +0.19 
HCOOH + 2H+ | +2e | HCHO —0.01 
CH,COOH + 2H?+| +2e | CH,;CHO —0.12 
HCOO- + 2H,0 | +2e | HCHO + 30H- —1.07 
CO, ++ 2H+ +2e | CO++ H,O0 —0.12 
CO, t+ Ne+ +6e | CO(NH,). oe H,O +0.1 
+ 6H+ (urea) 
CO, ++ 2H+ +2e | HCOOH —0.20 
2CO, ++ 2H* +2e | H,C,0, —0.49 
o, | cat +22 | Oe} —2.87 
& | Ca(OH), } +2e | Ca} + 20H- —3.03 
Cd2+ +2e | Cd —0.402 
CdCO, +2e | Cd} + CO2- —0.74 
Ca Cd(CN)2- +2e | Cd) + 4CN- —1.09 
Cd(NH3)3* +2e | Cd} + 4NH, —0.61 
Cd(OH),} +2e | Cd} + 20H- —0.81 
ds { +2e | Cd} + S?- —1.17 
Ce3t+ +3e | Ce} —2.33 
Ce Ce(Cl0,4)3- +e Ce#+ + 6ClOZ +1.70 
Ce(NOs3)3- te | Ce+-+ 6NO; +1.60 
Ce(SO,)3- +e | Ce%+ + 3S03- +1.44 
éj | Cle t +2e | 2cl- +4. 
2HOC1 + 2H+ +2e | Cl, ¢+ H,O +4. 


Table 40 (continued) 


Lowest degree of 


Highest degree 
of oxidation 


2ClO- + 2H,0 
HCIO + H+ 
ClO- + H,0 
HClO, + 2H* 
2HCIO, + 6H* 
HClO, + 3H* 
ClO; + H,0 
ClO; + 2H,0 
ClO; + 3H+ 
ClO; + H,0 


303 


Table 40 (continued) 


Lowest degree of 
oxidation 


Cl, + + 40H- 
Cl- + H,O 
Cl- + 20H- 
HClO + H,O 
Cl, t + 4H,0 
Cl- + 2H,0 
ClO- + 20H- 
Cl- + 40H- 


+ 
Co(OH),| + OH- 
Co} -+ S2- 


2Cr3+ + 7H,O 
Cr(OH), | + 50H- 


Cis 


NOSIS Saress 


OPP OP OR ORRPRPROROORPFROFO 
V9 09 9 Fe 0 CAC RS i BD Be Ce BD ST? 3 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


MOOMDONGWNs 
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Table 4V (continued) 


Symbol 
of ecle- 
ment 


Highest degree 
of oxidation 


Lowest degree of 
oxidation 


Ga 


Ge 


Cu(NHs)3* 
2Cu(OH), + 


cue i: + H,O0 
Cu(OH)s } 
CuS } 

Cu,S } 

CuSCN | 


F, ft 


Fe3+ 
Fe3+ 
Fe2+ 
Fe(CN)3- 
e] a Bfestankdtoune 


Fe,0,} + 8H* 
Fe,044 


Ga+ 
H,Ga0O; + H,O 


Ge} + 4H+ 
Ge2+ 
GeO} + 2H+ 


30 
2Cu} + 20H- 


ety 
2Cu} + S2- 
Cu} + SCN- 


| 426 | 2F- 


+ C03 
Fe(C,.H, Na)3+ 
Fey + 20H TF: OH- 


Fe** + 4H,0 
3Fe + 41,0 
Fe} + S?- 


Ga 
Gal + 40H- 


GeH, + 
e 
Gel +H,O 


20— 1845 


Highest degree 
of oxidation 


GeO, | + 4H+ 
H.,GeO, + 4H* 
GeO, } + 2H* 

HGe0; + 2H,0 


2H+ 
2H+(10-7) 
H 


HfO2+ + 2H+ 

Hf0, } + 4H* 

Hf{0(OH),} + 
+ H,0 


2Hg?+ 
Hg*t 
Hgz* 
He,Bra { 


Hg(CN) 
tigs(CHSCOO), 4 


HgS | (black) 
HgS { (red) 
Hg,S0,4} 


2HIO + 2H* 
210- + H,0 


+ne 


+4e 
+4e 
2e 


+4e 
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Table £0 (continued) 


Lowest degree 
of oxidation 


Ge} + 2H,0 
Ge} + 3H,O 
GeO | (brown)+ H,O 
Ge{ + 50H- 


Hy 
Ay 


2He | + 2105 
Hg} + 20H- 


50, V 


—0.15 
—0.13 
—0.12 
—1.0 


+0.0000 


Table 40 (continued) 


Highest degree Lowest degree of 
of oxidation oxidation 


HIO + H+ 


— 
$44 
— nO 


onroro- o=- oroo 


wrunenone+ 


jen) 


4. 
a 
OO Od OO 


r1OO1 IP XO 


P22? 
+tt++t++ 


H,10!- + 3H,0 


In3+ 
In3+ 
In(OH)s3} 


Ir3+ 

IrCl3- 

IrCl2- 

IrCl3- 

rot + 4Ht 
Ir0,} + 2H,0 
Ir,03} + 3H,0 


adt 


L 
La | La(OH)s4 
Li | Lit 


Mg?+ Mg 
is | Mg(OH), Mg 


Mn(OH)s 
MnO, + 


30 


Table 40 (continued 


Symbol 
fair] ype | ane | Teeter |, v 
MnO?- + 4H+ | +2e | Mn0,} + 2H,0 2.26 
MnO} 4- 2H,0- | +2¢ Mnos 4+ 40H- 16% 
Mn MnOq +e MnO; +0.56 
tec, [Telbene. | He 
nO; 2 e nO, H- 0.60 
MnOs-+ 8H* | +5e | Mn2*-+ 4H,0 Tse 
Mo3+ +3e | Mo} —0.2 
Mo(CN)3~ +e | Mo(CN)§~ +0.73 
Mo | MoO} + 4H* +2e Mo? + 2H,0 +9.0, 
e 
H,MoO, + 6H+ | +6¢ Mott 4H,0 0:0 
MoO?- + 4H,0 +6e | Mo} + 80H- —1.05 
faa ae ee 
HN, + 14H+ 4+8e | 3NH¢ +0.69 
Ng tHe i Nate + NH;+70H-| —0.62 
e —3.1 
7 42 | 2Nz° — 3.4 
Nat T2H0 + | +2e | (2NH,OH)H+ —1.87 
e —vV. 
Niet 4H,0 | +4e | Nolet 40H- —1146 
Ne4+ 8H* 46e | 2NH 0.26 
No t+ 8H,0 +6e | 2NH,OH + 60H- —0.74 
(N,H,)H* -+ 3H* | +2e | 2NHi 44.27 
NaH, + 4He 4+2e | 2NH,QH + 20H- 404 
» NOTES + | +2e | NH{ + H,0 +4.35 
+ 
NH,OH ++ 2H,0 | +2e | NH,OH + 20H- 40.42 
H,N,0, + 2H* +2e Ng + 2H,0 +2.65 
H°N20, + 6H*+ | +4e | (2NH,OH)H* +0.50 
2HNO- + 4H +4 HaN20, + 2, +0.83 
+ e 0.99 
NO; ‘+ H,0 +e | NO f + 26H- oe 
2HNO, + 4H+ | +4e | NO ++ 3H,0 +1129 
2HNO, + 6H+ | +6e | Ne+-+ 4H.0 +4144 
2NOz + 4H,0 | +6e | Ng+-+ 80H- +0.44 
HNO, + 7H* +6e | NH¢ + 2H,O +0.86 
NO; -+ 6H,0 46e | NH,OH + 70H- —0.15 
N,O ++ 2H+ +2e | N, i+ H,O e477 
N,0 ++ H,0 +2e | No ++ 20H- +0.94 
2NO ++ 4H* +4e | No ++ 2H,O +168 
2NO ++ 2H,O | +4e | No++ 40H- +0.85 


20 


Table 40 (continued) 


Highest deeree Lowest degree of 
of oxidation oxidation 


je) 


+ 2Ht 
+ 8Ht 


aS) 
20 
or 


222222024 
oon rans 


+ 
Nb, 0, } + 10H+ +10¢ 
NbO$S+ + 2H+ 
NbO(SO,)z + 
+ 2Ht 


NbO(SO4)z + 


+ -+ 4H+ +4e 
+ 4H+(10-7M)| +4e 
O +4 


0, 
Os 4 
Gy 
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Table 40 (continued) 


Symbot Highest degr 
ee of Gidatlon +ne ee roiaation: cs E0, Vv 
Os?+ +2e | Os} 0.85 
OsCl2- +e | OsCl?- ae 
OsCl3- +3e | Os} + 6Cl- +0.71 
Os OsCl- +e | Os?+ + 6Cl- +0.4 
mete + 6Cl- + | +4e | OsCl?- + 4H,O +1.0 
H+ 
OsO,}-+ 8H+ | +8e oa + 4H,0 +0.85 
HOsO; + 4H,0 | +8e | Os} + 90H- +002 
By 3H* +3¢ Hs +0.06 
p| + 3H,0 +3e | PH,+-+ 30H- —0.89 
H,PO, + H+ +e + 2H, —0.54 
; +e | P}+ 20H- —2.05 
H,P0,+ 3H* =| +3e | Py + 3H,O —0.50 
H;POg, + 2H+ +2e H;PO, + H,0O —0 50 
P HPO#- + 2H,O | +2e | H,POz + 30H- —1.57 
H,P,0,+ 2H* | +2e | 2HsPOs 0.38 
H,PO, + 5H* +5e | P| + 4H,0 —0.41 
HPO, + 4H* +4e | H,PO,-+ 2H,O —0.39 
oH,PO, + 2H+ | +2e | HeP,0. + 2H0 —0.94 
H,PO, + 2H+* +2e | HPO, + H,O —0.276 
Poy + 2H,0 | +2e | HPOF + 30H- —1.42 
Pb2+ +2e | Ph} —0.126 
Pb4t +2e | Pbh?+ +1.8 
Pb4+ +4e | Pb +0.84 
PbBr,} +-2e | Ph} + 2Br- —0.274 
PbCO, } +2e | Phy + COZ” —0.506 
PbCl, } +2e | Pb} + 2Cl- —0.266 
A +2e | Ph} + 2F- —0.350 
at 4+2e | Pb} + 2I- —0.364 
PbO it H,0 +2e | Pb} + 20H- —0.58 
pp | HPbOs+H,0 | +2e | Pb} + 30H- —0.54 
PbO, } + H,O0 +2e | PbO} + 20H- +0.28 
PbO,} + 4H+* +2e | Pb?+-+ 2H,0 +1.455 
PbOs! + 4H++ | +2¢ PbSO, } + 2H,O +468 
4 
PhO? ++ H,O | +2e | PbO#- + 20H- +0.2 
PbS +2e Ppt + S2- —0.94 
PbSO, 4 +2e | Ph} + S03 —0.356 
Pd2+ +2e Pal -+-0.987 
Pq | Pdcly- +2e | Pd} + 4Cl- +0.623 
PdCl;- +2e | PdCl?- + 2Cl- +4.29 
PdCl?- +4e Pal + 6Cl- +0.96 
Pd(OH),} +2e | Pd} + 20H- +0.07 
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oe Highest degree 
ment of oxidation 


Pd | Pd(OH), 4 


Pt2t 
PtCl3- 
PtCl2- 
Pt(OH), 


| -+-ne 


Table 40 (continued) 


Lowest degrec of 


oxidation | 50, Vv 


+2e 
+2e 


+2e 
+2e 
Pons -+ 2H+ | +2e 


tf ees 
Pt} + 4Cl- 40.73 
PLCl?- -b 2Cl- +0.720 
Pt} -+ 20H- 4.0.15 
+ 2H,0 +0.98 


ce a ee ee ee See 


PuS+ +3e | Pul 2503 
: Puét +e Pu3+ 0.970 
Pu | PuO3}+ +e | PuOt -+0.916 
PuO?+ + 4H+ +2e | Putt -+ 2H,0 +1.04 
Pu(Olls| +-3e | Pu} + 3011- —oend 
Pu(OH)s¥4 --e | Pu(OH)3{ + OLI- —0.95 
Ra | Ra?+ | +20 | Ra{ | 2.92 
Rb | Rbs |e | Rb4 | —2.93 
Re{ +e | Re- —0.4 
Ret +2e | Re- —0.23 
Re+ +3e | Re ~+0.3 
ReO,{ + 4H+ +4e | Re} + 2H,0 +0.26 
Re | ReO;}+ 2H+ +2e | ReO,} + HO 0.4. 
ReO; + 8H+ +7e | Re| + 41,0 -+0.37 
ReO; + 4H+ --3e | ReO,}+ 2H,0 +0.51 
ReO; + 2Ht+ te | ReO,{+ 2H,0 +0.77 
ReO;z + 4H,0 +7e | Re} + 80H- —0.584 
ReO; + 2H,0 +3e | ReO,} + 40H- —0.595 
Rh3+ +3e Rhy ~+0.8 
RhCl3- +3e | Rh} + GCl- +0.44 
Rh | Rh2Os}+ 6H+ | -+6e | 2Rh}+ 3H,O +0.87 
are 7 + |-+e | RhCI- + 2H,0 >+1.4 
RhO?2+ + 2H+ +e | Rh®++ H,O 4.40 
RhO?- + 6H+ +2e | RhO2+ + 3H,O +1.46 
Ru2+ 4+2e | Ru +0.45 
RuCl, +3e | Ru} + 3cl- +0.68 
Ru Ruc Cle 4-2e | Rue 4- 5Cl- -|-0.3 
Hues ROH -K IIt+ | -Fe RuCle- een H,0 -+1.3 
Ru _+e Rud +0.59 
uo’ +e Ruod +1.00 


Highest degree 
of oxidation 


S 
S}-+ 2Ht 
58} 


Sb} + 3H+ 
SbO+ + 2H+ 

Sb,0,} -+ 6H* 
SbO; + 2H,0 
Sb,0, 4- 4H+ 
Sb,0,{ + 4H* 
Sb,05 + 6H+ 
SbOs + H,O 


Sc Sc3+ 


Se} 4- 2H+ 
H,SeO; + 4H+ 
ScO3- + 3H,0 
SeO¢ + 4H* 
SeO?- + H,O 


Sif -+ 4H+ 


Si -F 4H,0 
SiF2- 

Set a 4H+ 
H,SiO,(hydrous) -+- 


H+ 


+ 
SiO3- + 3H,O 


-+2e 
4-4e 
+4e 
-+|-2e 
+2e 
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Table 40 (continued) 


Lowest degree of 
oxidation 


— 
Oo 
+455 
OO 
onoe 
Bis Possomsy 
moro 


H,Se + 
ae -+ 3H,O 
Se} + 60H- 
H,SeO, + 
SeO3- + 2 


Si] + 2H,0 
Si} + 3H,0 


Si} + 60H- 
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Table 40 (continued) 


Symbol i egree ve egree of 
ae re ree ieee or oa ae 
{ 
Sn?+ +2e | Sn} —0.140 
Sn‘+ +2e | Sn2+ +0.15 
Sn | Snét +4e | Sn +-0.01 
: HSn0;+H,O | +2e | Sn} -+ 30H- —0.91 
Sn(OH)3- +2e | HSnOz 4- 30H- + —0.93 
+ H,0 
| Sr2+ | +2e | sry | —2.89 
| Ta,0;}-+ 10H* | +410e| 2Ta} + 5H,0 | —0.81 
Te, + 2H+ +2e | H,Te + —0.72 
Te +2e | Te?- —1.14 
TeO,| + 4H+ +4e | Te} + 2H,0 +0.53 
Te | TeO,H*++ 3H+ | +4e | Te} + 2H,0 +0.56 
TeO3-+ 3H,O | +4e | Tel + GOH- —0.57 
H,Te0,} + 2H* | +2c | Ted ,+ 4H, +1.02 
Teo? + H,O | +2e | Teo + 20f- >+0.4 
Th | Tht fet —1,90 
Th(OH), aie + 40H- —2.48 
Tie +2e | Ti —1.63 
Ti0,} + 4H* +4e | Ti) + 2H,O —0.86 
Ti | Ti0** + 2Ht +4e | Ti} -+ H,O ~—0.88 
TiO?* + 2H* +e | Ti®++ H,O ~+0.1 
Lie +e | Tit+ —0.37 
TiF2-. +4e | Ti} + 6F- —1.19 
Tlt+ +e | Tl —0.336 
TIBr{ +e | Tl) + Br- —0.656 
qi | rcly te | TI} + Cl- —0.557 
TIOH te | TIL + OH- —0.344 
T]5+ +2e | Ti+ +1 .28 
T1,0,4-+3H,0 | +4e | 2Tl+ + 60H- +0.02 
U3+ +3e | Ut —1.8 
ust te | U3 —0.64 
U(OH), 4 +3e | U} + 30H- EAT 
U UO, | + 2H,0 +4e | U} + 40H- —2.39 
UO#d + 4H+ +e | U4++ 2H,0 40.55 
UO#t +2e | U2} 10.45 
| UO# + 4H+ +2e | U4++ 2H,O +0.33 
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Table 40 (continued) 


llighest degree Lowest degree of 
of oxidation oxidation 


yer 

Var 

VO? + 2H+ 

VOrt a 

VOt + 2H+ vo2+ + H,O 
+ v3+ + 2H,O 

Vet at 

VOt + 4H+ V{-+ 2H, 

VOe- + 6H+ e | VO+ + 3H,0 

H,V0; + 4H*+ vo2+ + 3H,O 


Zn(CN)5- 

Zn(NHs)3* 
Zn(OH)24 
ZnOQ3- -~j- 2H,O 
ZnS 1 (wurtzite) 


ZrO2+ + 2H+ +4e 
Zr | ZrO,}-+ 4H+ +4e 
H,Zr0,4 + H,0 | +4e 


314 


uory 
“njos €QD2eN 
%¢'0 UL Tor} J /=~ 
-njos %4°0 (q) —HN— roe 
rayem ut uoly NF S/ Sydirern) 
SSa[INo[oD | pas-JTOIA | 80° I+ | -NjOS %z'O (e) HOOO ~ue-[AUayd-N 
€ 
J NY JN cond qq 
— xajdunoo ‘(ur 
mu OLS = \_¢ 7 420 -OIdJOIIU) 
== TUuly Jaye UT UO a : euljoryjuen 
pay | anid ated | S¢°t+ | -1NTos syvSz0'0 70N -ayd-o-o1NIA 


(ania 
- = ayn YPIAL 
{ Jo NS, wads) 


MOTIAA | SSatanojop | ge°y+ | IOH peIytp uy QQ AN _ ff) a VAptsidiq-,z ‘2 


WJOJ peonpal | WIIOJ pazIprxo 


A ‘od 


uwoln[os 
Jo mmojop 


BINWIOT | 1OPI PUL 


WOIIN[Og & Jo 4IdU9I3g SIUC] ayy pus Ad ayy ur sadueyy 07 aarzisuas jou sioyerrpUy “Y 
(6{etyUeyod UOTyepIxo PIepURysS IIOYY JO JopIoO eUy TY) 
SLOPVOIPUT WOT Npesy-Woryeprxg sory) 


Wy FL 


315 


3S] INO[OD P2y |S8°0+ | IOH pemTIp uy £H90% oot ourIpIstuelq-o 
a NV Xt | (4204 UTA 
XX WA pf xatduo9) 
\— 7 +291 aurfomyy 
uaaid Jayem UT UOT4 / \ -ueuayd-oyp‘y 
pay “MOT[®A | L6°0+ | -NYOs 7vSZ0'0 ®HO o°H -TAyjautq-9'¢ 
= = {429J 
10H *( t= N\_N mat ) ; YIM xajyduroo) 
Pay | end eed | 26°0+ pawnyip uy FN F174 TAprsAdiq-,¢ ‘2 
/ NOH A 
= = aulprosAry9 
MOT[OA peu }oo'rt+ geyea up | 19H: tHN-<”_>-N=N-<__)-08HYO Ee outeed 
qayea 
jo [Ww 00} 
ul "OSA 
jo 3 ¢69'0 
pue apoyo +294 YIM 
-o1pAy aut] P xa[duio0o 
wu O16 = ~oryjueueyd eee *(ULO19]) 
= Jo 3 479" } ‘uo _ > +09 sutpomy} 


Pay | eniq afeg |90°t+ | -MNIos sySzZO'0 iy -ueuayd-01't 


| 


— 
— 


316 


| | | | \ \ 


a 


_ - (ayes umnipos) 

a Aaa oe oe ee Joueqdoput 

853] Jeyem Ul NOT—\ ZT 8 FNL auezueq 
-mojop | entg | 2z°0+]¥9°O+ | BOTINIos %20'0 < ~OWLOITIT-9'Z 


WJO0J 
wioJ 
poonpal Bee é L 0 
woy3njos B[NWI0 10jBOTpUy 
Jo anojop 0} Tenba s} an 


ayy Woy A 


as NLD 

- = = eur 

sse[Inojor qoTOrA | 9L°O+ | UT UoTyNTOS %F \ J NX GS -e[Aueydiq 
‘os*H H i 

poyeryueom09 | /-\__ | = < >- < >- | _f7s oulpiz 
sso[Mo[oD sora [gz'o+ fur uorynqos %F [XN _ 7 N7\_ 7 N—~Q_ Z| -a0q [Auoydia 

H ajeuoqdyns 

= Ad 

Joye Ul = > = eulUIey 
sseTanojop | yeTo1A-pey |¥g'O+ | UorNToS %c0'0 £0s —< g_N <> -eydyp unis 


| “84 IO wiNntIpos 


Woy paonpad | WI0} poz}p}x0 : 
I ee ee 


Jo imojoD 


aoyNTos | Blnuog 10380} pur 


(panuyquo2) TP 2190. 


STS 


-I9 | J 
89] JeyeM Ul y, eniq 
~mojoD | ENT | 10°0+] Es°0+ | UorNJos %g0"0 — WOON ave AqieW 
mont 4 (321 
\4 Ws NV aa “OTA 8,YINeT 
joyoo -19 ‘auizeryqy 
880] “18 %09 Ut ye Pw, -ousydoutm 
“INOTOD | I9[O1A | 90°O+ | 9S°0+ | LoIINTos %G0'0 = -BIp) eurmOIyL 
{> JN 
eNO — —-N= = (q[es tot 
S89] 12M UT S7 \=/"° =a) iscsi 
~aNojoD | eNIG |6F'O1] 29°04 | UONos %20'0 ®HO -Opul osaiy-o 
oa ( 
= = yes wnIp 
eNO <">- a(S (0) -0S) youayd 


$89] Joye UT 
~mnojon | enIg | Z2°O+ | ¥9'O-+ | YorINTos %Z0°0 


| 


— 


— 


-oput jouayd 
~010[4919-9°Z 


— 


318 


NH HN 
S\/\—/ SS 
a | nes 
—) 9— oruoydnsip 
$59] JayBM Ul wos” \F Ngo 7 oS1pur) eu 
-mojop | ontg |er-o—|6z"0-+ | uornqos %g0°0 one -jueo o81puy 
HO: 
NH HN 
(\ ne ies f > 
S59] Joye UT HEQS” UY = PNT Nee proe oruoyd 
-mojop | entg |g0°0—fEee'O+ | UorynTos %¢0'0 4 @) ~[NStI} OSIpUuy 
H®OS 70H 
y, NH HN 
( i =~ Y 
aes ae 198 
889] 1078 Ul Ht0s” 7 i t 4 \stou oruoydns 
“mnofoD | 8NTg | S0°O—] 4E°0+ | ForNTos %¢CO'0 5 6 81484 OZIpuU] 
mI0J 
poonpos | P22, | 0 
——_—_—_—_—___—_—————— uoRN[os BlNM0g J0jeo}pUl 


03 Tenba 8} d 
jo Ino[opD aud aga Rie 


(panuqquoo) [PF 3190], 


319 


Toy 
Sso| -o0Te % 0g UT 
~NOJOD | Pe | E°O—] ¥Z°O+ | UOTNJOs %70°0 (681 “d) €% “ON ‘6E A1deL aa par [e1yn9N 
oe 
\F 
“1 foun N NPH 
por yee ye 
ssa] -19] qaqyem Ul L 
-anojoy | -OlA | 6Z°0—] 72° 0+ | UorNTos %cO'9 e907 7\nF 401 J auluesiyes 
(0 
\F 
“| aun N NCH 
yo aa we 
SSO] Jaye, UT eulu 
-INOJOD | PAW | SZ°O—] 820+ | UOIINTOs %G0'0 NN SY -elyesousyd 
. NH HN 
/ ba ae Y ‘ 
\pf—-3 I— proe 
$59] raze Ul NN egy oyuoydyns 


-Inojop | ONT | 9F°O0—|9z‘°O-+ | UorNTos %¢0"°0 0 O -oU0W OFIpuy 


| | | | | | 


320 
Table 42 


Spectral Wavelengths and Colours Corresponding to Them 


Supplementary colour 


Ranges of the wave- 


of the Colour of the radiation rved Cc r 
bine eWoreed a et being absorbed aun Seer - 
400-450 Violet Yellow-green 

450-480 Blue Yellow 
480-490 Green-blue Orange 
490-500 Blue-green Red 
500-560 Green Purple 
560-575 Yellow-green Violet 
575-590 Yellow Blue 
590-625 Orange Green-blue 


625-750 Red Blue-green 
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Table 44 


Properties of Selected Solvents 


Molecular fee Refra- 
No. Solvent Formula weight, | 99 ec | ctive 
g/cm’ | index 
1] Acetic acid CH3COOH 60.054 1.049 /1.372 
2] Acetone CH3COCH3 58.081 |0.794 ]1.359 
CH3 
4 
3] Amyl acetate CH3COOCH2CH2CH 130.190 /0.856 /1.400 
(iso) >» 
CHs3 
H3C 
\ 
4 | Amyl alcohol pe hs OROe 88.151 10.806 {1.406 
(iso) Hs 
5] Aniline CeHsNHe 93.130 [1.022 11.586 
6] Benzene . CeHe 78.444 |0.8790]1.5014 
7} Benzyl alcohol CsH5sCH20H 108.141 [1.045 |1.539 
8] Butanol (iso) (CH3)eCHCH20H 74.124 0.803 |1.396 
9 {| Butanol (normal) C4sH 90H 74.124 10.810 |1.399 
10] Butyl acetate CHsCOOC4H» 116.162 |0.882 |1.395 
(normal) 
11] Butylamine CaHpNHe 73.140 10.740 {1.401 
(normal) 
12] Butyl cellosolve | HO-CHa-CH2-O-CgHy | 118.178 (0.902 [1.417 
(ethylene gly- 
col mono-7- 
butyl ether) 
13) Carbon disul- CS3 76.143 {1.263 |41.627 
phide 
14] Carbon tetrach- CCl4 153.839 |1.595 |4.464 
loride 
15] Chlorobenzene CeHsCl 412.563 14.107 14.525 
(mono) 
16] Chloroform CHCl3 119.390 |41.489 ]1.446 
17] Cyclohexane CeHia 84.163 |0.779 141.426 
18] Cyclohexanol CeH110H 100.162 |0.494 {1.465 
19| Cyclohexanone CeH 190 98.146 0.949 11.452 
20 | Decalin (deca- CioHis 138.255 {0.890 [41.475 


hydronaphtha- 


lene) 


een menace ee 
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Mel ou tace 
ti Boiling} Vapour | 880" | gompinity | Pe | riasn 
point, pelt, pressures | 20°C, ae constant, point, No. 
q ai ‘ en - ” f ad ed 


+16.6 [118.1 1.5 (25 °C) | 27.8 
—94.9 |] 56.1 | 22.9 (25 °C) ; 


co 
oo 21. 


wv 


—75 135.5 | 415.7 (20 °C) - 0.25 (15 °C) 5.26 


23.7 | 2-67(25°C) | 15.8 | 42 b 


—134 | 128 0.2 (20 °C) 
—6.0 1484.25] 0.24 (50 °C)} 42.9 | 3-66 (25 °C) 7.2 |-71 5 
+5.5 | go.8 | 9.6 (25°C) | 28-9 | 0-175(20°C) 2.3 | —8 8 
—15.3 | 206 0.1 (60°C) | 38.3 | 3.66(20°C) | 13.1 a 1 
—108 | 108 1.8 (31 °C) = 8.5 (20 °C) 18.8 34 8 
~79.9 |417.7 | 0.64 (25°C)| 24.6 | 7-9 (20°C) 17.8 | 42 9 
—T7 125 18 (20 °C) a 2.3 (20 °C) 5.0 22 | 40 
—50.6 | 77.8 — 21.6 00 5.4 - 41 
—40 170.6 | 0.9(20 °C) _ 50 - 60 |42 
~112.8| 46.25|29.8(20°C) | 33.6 | 0-18 (20 °C) 2.7 | —20 | 13 


—22.9 78.7 | 11.5 (25 °C) 28 0.08 (20 °C) 2.2 Does | 14 


not 

ignite 
45 432.0 | 0.88(20°C)| 33.2 | 0-049(30°C) 5.7 29 15 
—63.5 | 61.2 |19.9(25°C) | 27-1 | 0-82(20 °C) 5.4 | Does | 16 

not 

ignite 
6.5] 81 7.8 (25 °C) ae 0.01 (20 °C) 2.0 17 17 
+24 164.5 1.0¢56°C) | 34.0 4.0 (20 °C) 10 68-72 | 18 
_ 155 0.85(20°C)} — 2.4 (30 °C) -" 40 19 
—125 [189-192] 0.06(20°C)} — practically - 57-58 | 20 


insoluble 


334 


No. Solvent 


214] o-Dichloroben- 
zene 

22} Dichloroethane 
(ethylene 
dichloride) 

23] Diethyl ether 
(ethyl ether) 

24] Difsopropy) ether 
(isopropyl 
ether) 


25] 1,4-Dioxane 

26] Ethanol 

27] Ethanolamine 

28] Ethy] acetate 

29| Ethylene glycol 

30] Furfurol 

31] Glycerin 

32] Hexane (normal) 

33 | Methanol 

34] Methyl cellosol- 
ve (ethylene 
glycol mono- 
methyl ether) 

35] Methyl ethyl 
ketone 

36 | Methyl isobutyl 
ketone (hexone 

37 | Nitrobenzene 

38 | Octane (iso) 

39] Octane (normal) 

40] Propanol (iso) 

41] Propanol (nor- 
mal) 

42] Pyridine 

43] Sulphuric acid 


44] Tetralin 

45] Toluene 

46] Turpentine 
47| water 


48) xylene (mixture 
of isomers) 


Formuia 


CgHaCle 


CHeCl -CH2Cl 


CoH,0CoHs 


H3C Cig 
\ Z 
CH-O-CH 


N 
HyC CH3 
(CH2)402 
C2Hs0H 
HeNCHeCH20H 
CHsCOOC2Hs, 
HOCH2CH20H 
C4gHsCHO2 
CH2z0HCHOHCH20H 
CeHi4 
CH30H 
HO-CH2-CHe2- 


CH3COC2H5 


(CH3)2CHCH2COCHs 


CeHsNO2 
CgHis 
CgHis 

C3H70H 
CsH70H 


CsHsN 
H2S04 


CioHi2 
CeHsCH3 


O-CHg3 


Den 
Molecular Refra- 
welght, sity at 


147 


132. 
92. 


-012 


-108 


- 086 
-108 


-097 


-108 
- 162 


-114 
- 232 
+232 
-097 
-097 


-103 
.082 


207 
141 


18. 


106. 


016 


169 


ctive 


ooom me eR OF Om 
ee ee ee ee 
~~ 
oa 
o 


0.971 11.543 
0.866 |1.496 
0.85-0.88|—1. 47 
0.997 |1.333 


0.88 |1.506 
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Table 44 (continued) 


Surface 
Tee Boiling || Vapour ens fon Solubility Dietect: Flash | 
point, pressure, 992 in water, point, oO. 
bak cm Hg tape g/100 mi | Cebgeay| °C 
nes/cm 
—16.7 | 180.2 | 0.13 (25 °C) — *| 0.014(25°C)} 7.5 77 «(| 21 
—35.3 | 83.5 7.7(25°C) | 0.84 | 0.87(20°C) | 10.5 12 | 22 
—117.6] 34.6 | 53.7(25°C) [16.5 6.95 (20 °C) 4.3 | —40 | 23 
<—60] 68 15.8(20 °C) | 32 1.2 (25 °C) - —22 | 24 
+11.7] 104.1 2.7 (20 °C) | 36.5 00 3.0 5 25 
—1141,8] 78.32] 5.9(25°C) | 21.9 ry 25.0 44 26 
+10.5/172.2 - = oo - — |27 
—83.6] 77.15] 7.3(20°C) | 23.75 |°7.9 (20 °C) 6.2 4.4 | 28 
—17.4/197.4 3.9 (120 °C)] 47.7 co 41.2 — |29 
—39 162.4 2.5(72°C) | 43.5 8.3 (20 °C) 41.9 94 30 
+18.2] 290 0.1 (125 °C) 64.5 00 43 160 31 
—94 68.8 | 15.1(25°C) | 18.4 0.014 (16 °C) 14.9 |-31 32 
—94.9] 64.65] 12.4(25 °C) | 22.5 oo 32.3 6.5 | 33 
- 124.5 6.2(20°C) | — 00 17.2 | 36 34 
—86 79.6 9.84(25°C)/24.6 | 27.3(20°C) | 18.4 |—7-2 | 35 
—84 [4115.65] 2.0(25°c)| — 2.3 (25 °C) - 15.6 | 36 
+5.7 | 240 0.75 (80 °C) | 43.6 0.19(20°C) | 35.5 90 37 
—60 118 - = = — |<—12 | 38 
—57 125.0 1.4 (20 °C) 0.0015 (20 °C) 2.0 |+17 39 
—88.5] 82.3 | 10.0(39°C) | 21.7 0 18.6 18.8] 40 
—127 97.2 1.45 23.6 oo - 25 41 
—38.21115.14 1.54 36.6 oo 12.5 20 42 
+10.5{ (330) |<0,004 (25 °C)} (55) ro) >84 Does | 43 
not 
ignite 
—35 |207.3 | 0.03(20°C) | — ~0,0014 (20 °C) - 78 44 
—95 110.8 | 2.8(25°C) | 28.4 0.047 (20 °C) 4 5 45 
- 153-480 | 0.45(20°C) | 44.4 | w0.2(15 °C) 2.17 | 30-37 | 46 
0.00] 100.0 | 2.38(25 °C) | 72.75 — 80 Does | 47 
not 
ignite 
—25.3 | 136-145 | 1.0(20°C) | 28 0.013 (25 °C) 2.4 20 48 
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Table 45 (continued) 


E. Extraction of Various Elements from Hydrochloric, 
Hydrobromic, Hydroiodic and Nitric Acids by an Equal Volume 
of Diethyl Ether 


100 100 
80 
J x 
= S 
‘a 60 & 60 
1 > 
8 = 
S40 40 
q : 


0 0 


5 6 


{.2 ae eae ee 
HEE normatity tn the aqueous phase HI! normal: ly in the aqueous phase 


—} 
‘Aw 


4 $5 6 
HBr normatity in the aqueous phase 8 0 i2 14 


e agueous phase 


2 4 6 
HNO; normatity in th 
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Table 46 


Separation of Organic Compounds 


A. Classification of Individual Compounds According to Their 
Behaviour under the Action of Some Reagents 

A test of the examined compound is consecutively treated with 
the following reagents: (a) distilled water, (b) diethyl ether, (c) 1.2N 
hydrochloric acid, (d) 1.5N sodium bicarbonate solution, (e) 2.5V 
caustic soda solution, (f) concentrated sulphuric acid, and (g) 85% 
phosphoric acid. 

These reagents are used to treat separate portions of the test in the 
given order. A test is considered to be soluble in one reagent or another 
if it dissolves upon shaking for two minutes at room temperature in 
a quantity which is 30 times greater in mass than the given reagent. 

4. Water treatment 
| 


Dissolves Does not dissolve 


| | 
2. Ether treatment 3. 4.2N HCl treatment 
| | 


| ae <i | 
Dissol ves Does not dissolve Dissolves Does not dissolve 


| | 
Giowp Py Group Ps Group O 
4. 2.5N NaOll treatment 
| 
Dissolves Does not 
| dissolve 
5. 1.5N NaHCOs 
treatment 
| 
Nors N and § 
is present are absent 
eine Se 
; Does not 
s 
Dissolve dissolve 
Group M 
6. Concent 
G K, ntrated 
Group K1 al a H.SO, treatment 
I 
Disslves Does not dissolve 
Group H Grsus I 


! 
7. deal treatment 


Dissolves Does not dissolve 


Subgroup H, Subgrou Pu 
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Table 46 (continued) 
B. Composition of Groups (see Table 46,A) 
(the chief compounds of every group are italicized) 


Group P, 


Mainly monofunctional compounds with five or less carbon atoms 
in a molecule. 


1. Presence of only C, H and O Nitroparaffins 
Alcohols Oximes 
Aldehydes and ketones 3. Presence of a halogen 
Carboryl acids Halogen-substituted comp- 
Acetals ounds of subgroup I 
Anhydrides 4. Presence of S 
Ethers and esters Oxyheterocyclic S-compounds 
Some glycols Mercapto acids 
Lactones | Thioacids 
Phenols (partially) 5. Presence of N and halogens 
2. Presence of N Halogenated amines, amides, 
Amides nitriles 
Amines 6. Presence of N and S 
Heterocyclic amines Aminoheterocyclic compounds 
Nitriles 
Group P, 


Substances having an average molecular weight, with two or more 
polar groups (except for sulphonic and sulphinic acids, which belong 
to the P, group, although they have only one polar group in a mole- 


cule). 

1. Presence of only C, H and O- 4. Presence of halogens 
Dibasic and polybasic acids Halogen acids 
Hydroryacids Acyl halogenides (as a result 
Polybasic alcohols of hydrolysis) 
Polybasic phenols Halogen alcohols, halogen al- 
Simple carbohydrates dehydes, etc. 

2. Presence of metals 5. Presence of S 
Acid and phenol salts Sulphonic acids 
Various metal-containing com- Alkyl sulphonic acids 

pounds Sulphinic acids 

3. Presence of N 6. Presence of N and a halogen 
Amine and organic-acid salts Amine and halogen-acid salts 
Amino acids 7. Presence of N and S 
Ammonium salts Aminodisulphinic acids 
Amides Hydrosulphates of weak bases 
Amines Cyanosulphonic acids 
Amino alcohols Nitrosul phonic acids 
Semicarbazides 
Semicarbazones 


Ureas 
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Table 46 (continued) 
Group O: Bases 


Diaryl- and triaryl-amines, and also carbazols, belong to the 
M group. In addition to the listed below the O group includes a small 
number of oxygen-containing compounds which form oxonium salts 
when treated with HCl. . 

Amines (Amines with sufficiently Am hoteric compounds (amino- 


strong negative components phenols, aminothiophenols, 
belong to the M group) aminosulphoamides) 
Amino acids Aryl-substituted hydrazines 


N-Dialkylamides 


Group A: Strong Acids 


1. Presence of only C, H and O__ 3. Presence ot S 


Acids (usually, the number of Sulphonic acids 

carbon atoms in a molecule Sulphinic acids 

is less than 10) 4. Presence of halogen 

2. Presence of N Halogen acids 

Amino acids Polyhalogenophenols 
Nitro acids 5. Presence of N and S 
Cyano acids Aminosulphonic acids 
Heterocyclic nitric and carbo- Nitrothiophenols 

xylic acids Sulphates of weak bases 
Polynitrophenols 6. Presence of S and halogens 

Sulphohalogenides 


Group A,: Weak Acids 


1. Presence of only C, H and O Nitroparaffins, primary and se- 
Acids (high-molecular) condary ; 
Anhydrides Trinitro aromatic hydrocar- 
Phenols (including esters of bons 
phenol acids) Ureides 
Enols 3. Presence of halogens 
2. Presence of N Halogenophenols 
Nitrophenols 4. Presence of S 
Amides (including N-mono- Mercaptanes 
alkylamides) Thiophenols 
Aminophenols 5. Presence of N and_ halogens 
Amphoteric compounds Polynitrohalogenated aroma- 
Cyanophenols tic hydrocarbons 
Imides Substituted phenols 
N-Monoalkyl aromatic umines 6. Presence of N and S 
N-Substituted hydroxylamin- Aminosulphonamides 
es Aminosulphonic acids 
Amino acids Aminothiophenols 
Oximes Sulphamides 


Thioamides 
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Table 46 (continued) 


Group M 


Neutral compounds cuntaining nitrogen or sulphur. Only 
a few of them are distilled with vapour. 
(Only the most common classes are given) 


4. Presence of N 2. Presence of S 
Anilides and toluidides Mercaptanes 
Amides N-Dialkyl sulphoamides 
Nitroarylamines Sulphates, sulphonates 
Nitro hydrocarbons Sulphides, disulphides 
Aminophenols Sulphones 
Azo, hydrazo and azoxy com- Thioethers 
pounds Thiourea derivatives 
Di- and tri-arylamines 3. Presence of N and S 
Dinitrophenyl hydrazines Sulphamides 
Nitrates 4. Presence of N and _ halogen 
Nitrites Halogenated amines, amides, 
nitriles 
Group H 


Neutral compounds not containing nitrogen and sulphur. Distilled 
off with vapour. The H, subgroup includes compounds containing not 
more than 7-8 carbon atoms in a molecule; the H, subgroup contains 
the remaining compounds of this group. 

Alcohols 

Aldehydes and ketones 

Esters 

Ethers 

Unsaturated hydrocarbons 
(Acyclic unsaturated hydrocar- Anhydrides 

bons and the cyclic unsaturated Lactones 


hydrocarbons which easily Polysaccharides (they carbonize 
pulp buriee) in concentrated H,SO,) 
Aceta 


Group I: Inert Compounds 


Hydrocarbons (including most Halogen derivatives of hydrocar- 
cyclic hydrocarbons and all bons 
een acyclic hydrocar- Diary] ethers 
ons) 


Compound | Group 
Acids 
n-Butyric Py 
Chloroacetic P, 
a-Chloropropionic Py 
Crotonic Py 
Isovaleric P,-K, 
Valeric K, 
Alcohols 
tert-Amyl P 
Benzyl Hy 
n-Butyl Py 
Cyclopentanol H, 
Isoamyl P,-H, 
Isopropyl methyl 
carbinol P,-H, 
Aldehydes 
n-Butyric P.-E 
Isobutyric yh 
Isovaleric Hy 
Amides 
Acetamide P,-P 
Acetanilide vt 2 
Butyramide P,-M 
Formamide P,-P 
Formanilide PM 
Isobutyramide P,-P 
Propionamide P,-Ps 
Ethers 
n-Butyl 
Diethyl oon 
Diisopropyl H 
Ethyl isopropyl P,-H 
Ethyl methyl 1 : z 
Aromatic 
hydrocarbons 
Cymene I 
Diphenyl methane} _H,-I 
Naphthalene I 
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Table 46 (continued) 
C. Various Organic Compounds Belonging to the Main Groups 


Compound 


1,2,3,5-Tetrame- 
thyl benzene 
(Isodurene) 

1,3,5-Trimethyl 
benzene (Mesi- 
tylene) 

m-X ylene 

o-X ylene 

p-Xylene 


Amines 


n-Amylamine 
Aniline 
Benzylamine 
Diethylamine 
Di-n-butylamine 
Di-n-propylamine 
Isoamylamine 
Piperidine 
Tri-n-propylamine 
Esters 


Benzyl acetate 
n-Butyl acetate 
sec-Butyl acetate 
n-Butyl carbona- 


te 

n-Butyl formate 
n-Butyl oxalate 
Ethyl acetate 
Ethyl benzoate 
Ethyl! caprylate 
Ethyl carbonate 
Ethyl malonate 
Ethyl oxalate 
Ethyl] phthalate 
Ethyl succinate 
Isopropyl] acetate 
Methyl carbonate 
Methyl isobutyra- 


te 
Methyl isovalerate 
Methyl malonate 
Methyl propionate 


Group 
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Compound | 


‘n-Propyl acetate 
n-Propyl formate 


Nitriles 


n-Butyronitrile 
Isobutyronitrile 
Propionitrile 


Ketones 


Acetophenone 
Benzophenone 
Benzyl] ketone 
Cyclohexanone 
Cyclopentanone 
Di-n-butyl ketone 
Ethyl methyl ke 


tone 
Isopropyl methyl 
ketone 


| 


Table 46 


Compound 


Methyl-n-propyl 
ketone 
Pinacoline 
Succinonitrile 
Trimethylene cya- 
nide 
Nitro compounds 


Nitrobenzene 
Nitroethane 
Nitromethane 


Phenols 


Chlorohydroqui- 
none 
Hydroquinone 
Phenol 
Phloroglucinol 


(continued) 


Group 


D. Widespread Compounds Whose Belonging to a Group Is Dfficult 


Foresee 
Compound | Group | Compound Group 

Acetal P,-H, tert-Amyl] alcohol P, 
Acetamide P,-P, n-Amylamine P, 
Acetophenone H, Aniline O 
Acetoxime P, Anthranilic acid K,(O) 
Acetyl piperidine P, Azelaic acid K, 
Adipic acid K, Barbituric acid K, 
Allyl acetate P,-H, Benzene _ sulphi- 
Allyl alcohol ‘ nic acid F P,-K, 
p-Aminoethy! al- Benzene _ sulpho- 

cohol P, nic acid P, 
a-Aminoisobuty- Benzidine O 

ric acid P, Benzoyl] acetone Hy 
m-Aminophenol P,-P,-K, || Benzoyl carbinolt P, 
o-Aminophenol P,-P,-K, || Benzyl alcohol H, 
p-Aminophenol K, Benzylamine P, 
o-Amino-p-valeric Benzyl malonic 

acid K,(O) acid P,-K, 
n-Amyl alcohol H, Benzyl salicylate Ko 
sec-Amyl] alcohol P,-H, Biuret 2M 


Compound __comomeot | orn | commas | cron 


Bromal 
a-Bromopropionic 
acid 
n-Buty] acetate 
sec-Butyl acetate 
n-Butyl alcohol 
n-Butyl carbonate 
n-Butyl ether 
n-Butyl formate 
n-Butyl oxalate 
n-Butyraldehyde 
n-Butyramide 
n-Butyric acid 
n-Butyronitrile 
n-Butyryl chloride 
Camphor 
are io disul phi- 


Chloral 
B- Chloroethyl ace- 


tate 
Giles cdvoquino: 
ne 
a-Chloropropionic 
acid 
Citric acid 
Cyanoacetic acid 
Cyclohexanol 
Cyclohexanone 
Gyclohexy! aceta- 


Cyclohexylamine 
Cyclopentanol 

Cymene 

Diacetone alcohol 

D ney metha- 


a,B- “Dibromo ro- 
ionic aci 

2, 2 Dichlorohydro- 
quinone 

a ,a-Dichlorome- 
‘thy 1 ether 

2,6- Dichloro-4- -ni- 
troaniline 


23 —1845 
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Table 46 (continued) 


Group Compound 


P, Diethylamine 
B-Diethyl amino- 
P,-K, ethyl ether 
H, Diethy] barbitur- 
H, ic acid 
P, Diethyl] ether 
I1,-H, Diethyl ketone 
H, Dimethy] acetal 
P,-H, 2,4-Dinitroaniline 
Hy Di-n- -propylamine 
P,-H, Dipheny! methane 
P, Dioxane 
P, Durene (1,2,4,5- 
M Tetramethyl 
P,-H, benzene) 
H, Ethyl] acetate 
Ethyl acetoacetate 
M Ethyl] benzoate 
P, Ethyl carbonate 
Ethyl lactate 
Il, Ethyl malonate 
Ethyl mercaptan 
P,-Ke sot ok goths 
P, Ethyl mieeiyl ke- 
P, tone 
P, Ethyl nitrate 
H, Ethyl-o-formate 
P,-H, Ethyl oxalate 
Ethyl phthalate 
H, Ethyl salicylate 
P, Ethyl succinate 
H, Ethylal 
I Ethylene diamine 
P, Ethylene glycol 
Formamide 
H, Formanilide 
Fumaric acid 
P,-K, Furfuryl alcohol 
Glutaric acid 
K, Glycerin 
Glycin 
P, Guanidine 
? Hydroquinone 


Group 
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Table 46 (continued) 


Compound | Group Compound Group 
p-Hydroxybenz- Methyl] isovalera- 
ehyde K.-H, te Hy 
o-Hydroxybenzyl Methyl levulinate P,-H, 
alcohol P,-K, Methyl malonate P,-Hy 
Indene Hy Methyl-n-butyrate P,-H, 
Indole M Methyl nitrate P,-M 
Isoamy] alcohol P,-H, Methyl-n-propyl 
Isoam ylamine P, carbinol Hy 
Isoamyl salicylate} K,-H, Methyl-n-propyl 
Isobutyl formate P, ketone P,-Hy 
Isobutyramide P, Mcthyl-o-formate P,-H, 
Isobutyric aldehy- Methyl propionate 1 
de P, m-Nitroaniline O 
Isobutyronitrile P\-M o-Nitroaniline O-M 
Isobutyryl — chlo- p-Nitroaniline O 
ride P, Nitroguanidine K,-M 
Isodurene (1 ,2,3,5- Nitromethane P,-Ke 
Tetramethyl- p-Nitrosodiphe- 
benzene) H, nylamine K,-M 
Isopropyl acetate P, Nitrourea K,-M 
Isopropyl methyl Oxamide M 
ketone P, Paraldehyde P,-Hi 
Isovaleric aldehy- Phenol P,-Ke 
de H, Phenoxyacetic 
Isovaleryl chlori- acid Py-Ky 
de P,-H, m-Phenylenedi- 
Lactic acid P, amine P,-P, 
Maleic acid P,-P, o-Phenylenedi- 
Malonic acid P, amine P,-P2 
Mandelic acid P, p-Phenylenedi- 
Mesitylene Hy amine Po 
Mesityl oxide H, Phenyl hydrazine O 
N-Methyl acet- Phloroglycinol Po-Kg 
anilide O-M Phthalic acid 1 
Methyl acetoace- Phthalic anhydri- 
tate P, de Wy, 
Methylal P,-H, Phthalimide Ko 
N-Methyl benzyl- Picric acid K, 
amine O Pimelic acid P,-K, 
Methyl carbonate P,-H, Pinacol P, 
Methyl chloroace- Piperidine P, 
tate P,-H, Polyoxymethy- 
Methyl citrate P,-H, lene P,-H, 
Propionamide P,-P, 


Methyl isobutyra- 
te 
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Table 46 (continued) 


Compound | Group Compound 


Propionitrile P, 2,4,6-Tribromo- 
Propionyl chlori- phenol K, 
de P, 2,4,6-Trichloroani- 
n-Propyl acetate P,-H, line O-M 
n-Propyl formate Py 2,4,6-Trichloro- 
Propylene glycol P, phenol K, 
Protocatechuic Trimethylene gly- 
aldehyde P,-Ky col P, 
Pyridine P, Trimethylene cya- 
Pyrocatechin P, nide P,-M 
Pyrrole M Tri-n-propylamine O 
Resorcinol P, @-Triphenyl gu- 
Sebacic acid K, anidine O-M 
Succinimide P,-P. Urea P, 
Succinnitrile P,-P,-M _ || Vanillin Ky 
Sulphanilic acid K, n-Valeric acid K, 
| Triacetin (glycer- n-Valeric aldehyde Hy 
in triacetate) P,-Il, Xylenes H.-I 
2,4,6-Tribromoani- 
line M 


23* 
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Table 47 


Substances Used for Drying 
A. Drying of Gases 


Amount of steam, 
mg, remaining in 
{ litre of gas upon 


Substance Character istics passing it at a rate 
*1=30.5 °C 
CuSO, Anhydrous 2.8 
CaCl, Granulated; average com- 1.5 
position: CaCl, -H,O 
CaCl, Technically anhydrous; 1.25 
average composition: 
CaCl, -1/4H,O 
ZnCl, Stick 0.98 
Ba(C10,), Anhydrous 0.82 
NaOH pec 0.80 
Anhydrous 0.36 
ic 0.01 
Silica gel _ 0.006 
CaSO, Anhydrous 0.005 
CaO _ 0.003 
H,SO, 100% 0.003 
Mg(C10,), Anhydrous 0.002 
1,0, ars! 0.001 
aO _ 0.0007 
P,0; — 0.00003 
B. Drying of Liquids 
Liquid Drier 
Acids Na,SO, 
Alcohols K,CO3;, CuSO,, CaO, Na,SO, (but not 
CaCl,, CaC, 
Aldehydes CaCl,, Mg(Cl04)q 
Amines NaOH, KOH, K,CO, (but not CaCl,) 
Bases KOH, K,CO;, BaO 
Carbon disulphid ¢ CaCl,, Mg(ClO4)2 
Esters Na,SO,, CaCl,, Mg(ClO4)2 
Ethers Cats, Na, CaC,, K,COs, Mg(ClO,), 
Hydrazines K,COs 
Hydrocarbons CaCl, Na, CaC,, Mg(Cl0,), 
halogen-derivative | CaCl,, Mg(ClO,), (but not Na) 
etnies K,COs, CaCl, Mg(ClO,4)2 (for higher 
paenes) 
Nitril K2COs 
Nitro “compounds CaCl, Na,SO,, Mg(Cl04)2 


Phenols 


Na,SO,4 
—_—_—_e_ OO Oy, 


Table 48 


Preparation of Hygrostats 
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Relative pressure of water vapour over mixtures of solid salts 
with their saturated aqueous solutions, over mixtures of anhydrous 
salts with their hydrates and over mixtures of two differing hydrates; 
water vapour pressure at a given temperature is taken as unity. 


Mixture 


Ce Se, a oe re a Se 
Ce ee a ee ee ee | 
Comes eee ey ee ee 

te ay oy oe 

ee Tw Oe toe oe 

Oo ee, Se ee a 
Beri; Tat eae Play Taree wae Tet, 8: 

Cre ne ae ie ee 
Tor, er a a Sa a 


ees See Aid, he ee oe Tie! a) HS 


N20 -40H,O 
a,CO,-10H,O 
KNO,”. .” 


Wo ee ee eek Saati vee Tah tS te 


Gia ce” we ar oe 


eke one 


Na,CO, + Na,CO3-H,O .. . 
+ Na,B,0,-5H,0 


Na,CO,H,O + Na,CO, -10H,0} 0.66 
Wa, HPO, X ; 
65 


x 12H,O .. 


Temperature, °C 
10 | 15 | | 2s 30 


relative water vapour pressure 


20 


| cer Peeec0k "yas thie 
an er eee ee 
BT cake OB 4 | ceeeew lls Sas 
0.23 | 0.21] 0.19 | 0.17 | 0.45 
0.38 | 0.35| 0.32 | 0.29 | 0.26 
~ | — |] 0.44 |0.45| — 
0.65 | 0.60} 0.55 | 0.50} 0.45 
0.63 | 0.61 | 0.59 | 0.57 | 0.55 
0.69 | 0.66 | 0.63 | 0.60 | 0.57 
0:75 | 0.75] 0.75 | 0.75 | 0.75 
0.77 | 0.76 | 0.75 | 0.74 | 0.73 
|_| 0:86 | 0.85 | 0.85 
— 10.95} 0.90 | 0.85 | 0.78 
— | — | 0.91 | 0.89 | 0.87 
— | — | 0.95 | 0.94 | 0.94 
— | — | o99 | — }] — 
es Meee ee 0) eee 
ae = — | 0.02 
— | —] 01 | — | — 
0.69} 0.72] 0.76 | 0.80) — 
~} | 008 | — | — 
a — |0.05| — 
— |0.42] 0.43 | 0.44 | 0.45 
ae) pee) ei ei pe 
ere) I a ie sm Ce ee 
— | 0.27] 0.28 | 0.29] — 
0.30 | 0.32 | 0.34 | 0.36 | 0.38 
me (O2055|\) cae eles 
0.21] 0.21} 0.22 | 0.22 | 0.23 
es ee ae ae 
0.50] 0.53} 0.56 | 0.59 | 0.62 

0.69| 0.72 |0.76| — 

0.70| 0.75 |0.81] — 
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Table 49 


Principal Organic Reagents 


Abbreviations used: grav. for gravimetric analysis; vol. for volu- 
metric and similar analyses. In cases of gravimetric and volumetric 
one atom of a metal is given in parentheses in the sixth column. 


A. In the Alphabetical Order of the Reagents 


Synonymous names 


{ | Alberon Dichlorosulphodi- 
CH; CH; methyloxyfuch- 
| | sone dicarboxylic 
HOLA p42 acid; chromoxane 


I y pure blue dye 
Hooc’ \/ \/\7cooH# 


| 
aN O fol 
\/Ns03H 
2 | Alizarin 4,2-Dioxyanthra- 
O OH quinone 


one S; sation 
0 alizarin sulpho- 
ll i‘; nate; 4,2-dihyd- 
UN /N1\/ oH roxyanthraquino- 
( - H,0 ne-3-sulphoni c 

acid, sodium salt 
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metric analysis; phot. for colorimetric, spectrophotometric, fluoro- 
determinations, the number of molecules of a reagent bounded with 


Molecular weight 


a log M Elements being determined Method 
539.35 | 73188 | Be2+, Al3+ Phot. 
240.22 | 38064 | Al3+, ZrlY, THIY, F- Phot. 


360.28 55664 | Al3+, Zrl¥, ThIV, Gast, Phot. 
Bo, DEY, Vor 
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No. Reagent Synonymous names 
4 Aluminon Ammonium salt of 
aurine  tricarbo- 
BOs. Jn. pro xylic acid 
H,Nooc’ \% Nf“ coonH, 
/ 
ll Il 
mi NcoonH, 
oO 
5 | Anthranilic acid o-Aminobenzoic 
COOH acid 
| , 
(6 ae 
7 
6 Arsasene 


AsO3H2 
! 
4 \_~nN=n—Z \S\_NH-N=EN_-Z SE 
ay, N=N. {7 NH-N=N —s NO2 


Arsenazo I 
AsO(OH)> OH OH 
N=N | | 
Nf \4AV/\ 


| Il 
N/ nao.” S” \7\go5Na 


Arsenazo III 


a a 
(HO),0As” aA 4 \As0(0H)» 
1 HO OH i 
N N 
\4AV\I\/7 

14 | 


HO;8% \/\4Ns05H 


4”, 4-Diazoamino- 
1,1’-azobenzene- 
4"-nitrobenzene 
arsonic acid-2” 


Benzene-2’-arsonic 
acid-(1'-azo-2)- 
4 ,8-dihydroxyna- 
phthalene-3,6-di- 
sulphonic acid, 
disodium salt; 
uranon 


ee 


Benzene-2’-arsonic 
acid-(1’-azo-2)- 
benzene-2”-arso- 
nic acid-(1”-azo- 
7)-1,8-dihydroxy- 
naphthalene-3,6- 
disulphonic acid 


| 


* RE: rare-earth elements (lanthanoids, Y and Sc). 
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Table 49 (continued) 


Molecular weight 
M log M 


Elements being determined Method 


473.45 | 67528 | Al§+, F-, Be?+ Phot. 


tee fo I SS 


2+, Co, Cu?t, Heg??+, Mn?+, Grav. 
ce Ds one *pbh2*, Zn?* (in the 


form of MeRg) 


470.28 | — | Pb, Zn Phot. 


592.30 | 77254 | als+, Be2+, Cet, In3+, NbY, | Phot. 


RE*, Ta’, Thy, Ti, 
uot, VIY, 2rt¥ 


al ee! a) ee arr eee eee 
776.38 | 89008 | Ce'Y, Hf, Np!Y, Pa’, Phot. 
PulY, RE*, ThIY, UY, 
uo3*, ZrlY 
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Synonymous names 


No. Reagent 
9| Azo-azoxy BN 
ey 
=< 0 
<p Lae 
Now ~./N=ay 


40 Mol semen =8=8=8. | heaped 


Hs FV 
Pos Oe cae 


414} «a-Benzoin oxime 


g \-c-cu-¢ S 


oan OH 


| 
\4N 


Ol a 


Gai 


2-[2”-Hydroxynaph- 
thalene-(1"-azo- 

2’)-phenylazoxy]- 
4-methy|phenol 


4,7-Dipheny]-1-10- 
phenanthroline 


412| a-Benzyl dioxime 
<p> 
HON NOH 
43} Beryllon II 
NaS. AA /\/ 
Vw, 


N OH -4H,0 


SO3Na 


| xo OH 
| 
NAN 


Na0;s” © oa 


a-Dipheny] dioxime, 


Cupron Veo Pe | 
nickelon "So 


3,6-Disulphonaph- 
or (8-azo-7')-1’, 
8'-dioxy-3’, 6’- 
disulphonaphtha- 
lene, tetrasodium 
salt 
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Table 49 (continued) 


Molecular weight 


Elements being determined Method 
M log M ' g 


398.43 | 60035 Catt Phot. 


BIN cece ON ef Nae ee 
350.44 | 54461 | Fe?+ Phot. 


a 
227.27 | 35654 Cu2+ (in the form of MeRg) | Grav. 


es eee eee 
240.27 | 38070 | Nit (in the form of MeR¢) | Grav. 


Sl = 
810.58 | 90 882 Be2+ Phot. 
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No. Reagent Synonymous names 


14] Bis-salicylalethylenediamine — 


Ay NA 


\/\cH = N—CH,—CH,—N=HC’ \% 


15] Brilliant green _- 


+ 
a An alia 
ove 


16| Bromobenzothiazo — 


ts \ 
(| ae a 
N/V Da 
Br ae 4 
17 | Brucine Co3H2g0,Ne = 
18| Cadion FU Meepheny | 
cm Cer ae azoaminobenze- 
Colts fy -N=N- a CY -N=aNn- 7 ne-p-azohenzene 


H 


19| Cadion S (water-soluble) _ 
SO3Na 
_4 SN_N=EN-N-4 S_NEN-4F SH 
O2N <? N=N RN ay N=N ¢_/ SO3Na 
H 


367 


Table 49 (continued) 


Molecular weight 


M log M Elements being determined Method 
268.32 | 42865 Mg?2t+ Phot. (lumines- 
cence) 


6 UY eg so a Ne ee I es, 
482.65 | 68363 | SbY, TI3+, Zn?+ Phot. 


372.25 | 57083 Cd2+ Phot. 


Sa (USS nO 


| 34.48 | 50.08 | NO; Phot. 
SR See (NN eee (Ce eee eer ee a See 
346.35 | 53952 Cd2t+ Qualitative 
(phot.) 


Pe nnn nn cada ESE SE SY Sena 


550.46 | 74073 | Cd?+ Phot. 
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No. Reagent Synonymous names 


20| p-Carboxygallanilide 3, 4, 5-Trioxyben-i 
zoy1l-para-amino- 
benzoic acid 


Ho—¢ SN—c—N ~~ S- COOH 
: = I! | = 
HO” O 
ii Carboxyarsenao a Pipay leaepoxviic 
acid-(4-azo-2’ 
coon HO OH oes ae pee teas tg 
— alene-3’, 6'-di- 
~ N-n=n—7\(S-n=n—-@ > sulphonic — acid- 
= = (7'-azo-17) 
Na0,S” a \7Nsg03Na 2”-phenylarsonic 
acid, disodium 
salt 
22| Carminic acid — 
H3C O OH 
oe | es = 
EJ) (CHOH), —CII3 
HOt NOH 
HOOC O OH 
23| Chromotropic acid, disodium salt 4, 8-Dioxynaphtha- 
HO OH lene-3, 6-disulph- 
| onic acid, diso- 
VAN dium salt 
na0,s’ \“ \7 \go3Na 
241 Complexone III beet ske pate 
= 7 ethylene- 
ee SNe aaah ge coo diaminetetraace- 
NaQOC-CH2” ~ " CH2- COOH tate, trilon B, 
versene, chela- 
ton 3) 


* RE: rare-earth elements (lanthanoids, Y and Sc). 
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Table 49 (continued) 


Molecular weight 


M log | Elements being deterinined Method 
289.25 | 46126 | TiY Phot. 
740.30 | 86941 | Ba?+, SO3- Vol. 
492.40 | 69232 | BH! Phot. 
364.27] 564142 | TiEY, crV! Phot. 


336.22 | 52663 | Ca2+, Mgt, Ni2+, Cutt, Agt, | Vol. 
Au3+, Pd2+, Co®+, VY, Bi3+, 
Ga3t, In3+, Sn?+, RE*, Sc3+, 
sr2t+, THY, ThlY, Cr3+, zrlV | 
Mn?+, Ba2+, Zn?*, Cd2+, Pb2+, 
Hg?+, T]38+, Fe2+, Al3+, Fe3+ 
(in the form of MeR) 
Cr3+, Co2+, Mn?+ Phot. 


—______— nc OO 
24— 1845 
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No. Reagent Synonymous names 


25| Crystal violet — 


+ 
N\/\4O\G 
Cc . 9H,0 
; | 
“) 
y 
N(CH3)e 
26| Cupferron N-Nitrosophenyl- 
NO hydroxylamine, 
4_N_ NZ ammonium salt 
\_7% Noni, 
27| Curcumin Bis-(4-hydroxy-3- 
OCH3 methoxycinna- 
pH moyl)-methane 
jl0— CH = CH og OH 
cH, ad 
N\ — 
CO—CH=CH-€_>— OH 
Nocuy 
28}; Cyclohexane diondioxime-1,2 Nioxime 
CH, ia 
/~N. ,N 
H.C C4 
| | 
H.C C 
\/ \NOH 
CH. 


29} Diallyldithiocarbamidohydrazine _ 
C;H;NHCSNHNHCSNHC3H; 
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Table 49 (continued) 
Molecular weight 


Elements being determined M 
M log M ig ethod 


570.14 75598 | SbY, Zn2+, T13+, Cd2+, Hg?+ Phot. 


i eee 


155.16 42 078 Al3*, Bi3+, Cu?**, Fe3+, Gast, Grav. 
NbY, Snt¥, TaY, TitY, THIY, 
vy, gr, UIY (in the form 
of MeR,, where n is the 
valency of metal; or the pre- 
cipitates are calcined to the 


oxides) 
EM ee na Ne as lls es 
368.39 | 56631 | BU, Be?+ Phot. 
Ie aw cen tees ee 
142.16 | 15278 | Ni2+, Fe2+, Pd? Phot. 


| 230.36 | 36.244 | Cu2t, Pb%+, Zn2+, Ni2+, Agt Grav. 


24* 
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No. Reagent Synonymous names 
30| 3, 3’-Diaminobenzidine a a 
0” af RY. 

H,N ‘CR ae Ge =~ NH, 


31} Diantipyry] methane _ 


| | 1 | 
H;C CH3 H3C CH; 


32] 2, x] 2 r-bichiooghromotonc acid | 4,8.tony.2, a | acid 1, 8-Dioxy-2, 7-di- 
HO OH chloronaphthale- 
ho ne-3, 6-disulpho- 
ON 7S. yo nic acid, diso- 
i I} | -2H,0 dium salt 
NaO 38” V/N\F | | naogs7 “7 Nsowva | 
33| p-Dimethylaminobenzylidene rhodanine — 
HN —C=0 
d 
v \ A = 
gs tH— pa) ene NO iil: D— N(CHs) 
34 sala Sian SaaS Dimethyl fluorone; 
“i 6, aed ci ae 
De \ ON (4”-dimethylami- 
a ‘ ( yy, nopheny))-3-fluo- 
HOY Vv Neh \7\oH pone 
/ ) 
\7 
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Table 49 (continued) 


Molecular weight 
M log M 


Elements being determined Method 


214.28 | 33098 | Sel Phot. 


ios Uses Bi ies eo ee ee ee es ed 
388.48 | 58937 | Cd2+, THY, Fe3+, Bi3t+, Co2+ Grav. 


Sl 5, Sete A tee IN a ee 
469.18 | 674134 | THY Phot. 


OM ca Sw Ne ee ee 
264.38 | 42223 | Agt, Aut, Hg*+, Pd?+, Cut Phot. 
Agt, PtlY, CN- Vol. 


cbt Snot 5 Wie ect A te ee ee ee ee 
363.37 | 56035 | TaY Phot. 


Synonymous names 


Reagent 


35| Dimethylglyoxime Dey dioxime, 
hugaev’s rea- 
CH3— C—C—CH3 gent 


36] Diphenylcarhazide 1, 5-Diphenylcarbo- 
HN—NH—C—NH—NH hydrazide 
II 


J8| Dipicrylamine Hexanitrodipheny- 


1 * 
: NOs ON, amine 


= JON 
O.N ~< >- NH—€~ >—NOp 
NNO, 0,N% 


39| 2, 2’-Dipyridy]l a, a’-Dipyridyl 


40| 2, 2’-Diquinoly] 2, 2'-Diquinoline; 
cuproin 
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Table 49 (c ontinued) 


Molecular weight 


Elements being determined Method 
M log M 


116.12 | 06491 | Ni2+, Pd2+ (in the form of Grav., vol., 
MeReo phot. 
Fe2+, Co?+, Cu2+ (together with | Phot. 
pyridine) 


242.29 | 98433 | CrY!, Hg?+, Pb?+ (indirect), Phot. 
(Cd?*) 


240.27 | 38070 | He?+, Agt Phot. 


eatin 2A o a A ee 


439.23 | 64269 | K+, Rbt, Cst (in the form of | Grav., phot. 
MeR) 


Se a oo ee 
156.19 | 19365 Fett Phot. 


ee nF eS eS 


256.30 | 40875 | Cut, (Ti+) Phot. 
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Synonymous names 


No. Reagent 


41| 8, 8’-Diquinolyldisulphide — 
( ‘ ( ‘ a OL > 
WY 


ny 


5s— 

42] Dithiol 1-Methyl-3,4-di- 
CH; mercaptohbenzene 
| 

O 
SSH 
SH 
43} Dithizone Diphenylthiocar- 
N=N—C--NH—NH bazone 


) 


44| Eriochrome Cyanine R See Table 28, No. 23 (p. 232) 


45| a-Furfuryl dioxime Neoniclon 
HC—CH HC—CH 
ft oll | || +H,gO 
Hc C —C—C— 
\7% | \Z7 
O HO—N N—-OH O 
46 | Gallion 2-Hydroxy-3-chlo- 
Cl OH ro-5-nitrobenze- 
NX 7 OH NH, ne-(4-azo-2')-1’- 
4 \_N=N hydroxy-8'-naph- 


-H,0 6’-disulphonic 


L «| 
=f \ c /\ thylamine-3’, 
HOS” \/\7Ns0,H acid 
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Table 49 (continued) 


Molecular weight 


Eleme being determined Method 
M log M ments : 


320.44 | 50575 | Cut Phot. 


a te io, lke eS se ee eee ee ed 
156.27 | 19388 | Sn?+, WY!, Mov! Phot. 


— | 


+ 3+, Cd?t, Co?+, Cu*t, Phot. 
256.34 | 40 882 Ace Bi "Pht, Zot, Nit, 


Tae, "TI+, Sn? 


a Ee (SE 


| 7.48 | 67 252 | ai Bett, Zr, F- Phot. 
sel Se ne eh 
238.21 | 37696 | Ni2+, Pd? (in the dorm of Grav., phot. 


MeR,), PtlY, Re™! 


536.88 | 72989 | Gat Phot. 
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No. Reagent Synonymous names 


47| Gallocyanine 


COOH 
N | 
V4 aa > 
(CH3).N% VAN oye 
OH 
48| Hemp-like datisca (extract) Substitute for mo- 
oH rin. Parent ag 
stance: 3, fie ; 
2'-tet ~ 
“OOS Va » - etraoxyflavo 
49| 8-Hydroxyquinoline o- cea tere nail 
LVI ne, oxine 
I 
LAY 
| 
OH 
50; Lumogallion 2; aK wotcared 
: chloro-(1-azo-1')- 
BOs / eH HO rene 
&\_ Nene \_ phonic aci 
Keay N=N Coy OH 
cl 


* Thorium and uranium precipitate in the form of ThR4-HR and 
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Table 49 (continued) 


Molecular weight 


M log M Elements being determined Method 
300.27 47751 | Ga3+, Hg?t+, Ph? Vol. (comple- 
xonometry) 
286.25 | 45675 | Al3+, Ga3t, Zrt¥, ThIY Phot. (lumi- 
nescence) 


145.16 | 16485 | Al3+, Mg2+, Zn?+, Bi8t+, Cd2+, | Grav., vol., 
Co2+, Cu2+, Gast, In3+, phot. 
TiO, Zré+, MoO3+, WO3*, 
Mn?+, Fest, Ni**, V20$*, 
Pb2+, Pd2+, Sb3+, Cr8+ (in 
the form of MeR,, where n 
is the valency of metal)* 


344.74 53749 | Gat Phot. (lumi- 
nescence) 


UO2R2-HR; niobium precipitate is of an unknown composition. 
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No. Reagent Synonymous names 


51] Lumomagneson 2-Hydroxy-3-sul- 
pho-5-chloroben- 


xine 


ee Ay - 3H20 


dna 


NAO. Faia ONG / zene-1-azobarbi- 
OS _N=N—CZ Noe turic acid 
cl 0% Nu 
52| Magneson CS eDapnihel Ut 920: 
')-4’-chlorophe- 
y, Hl MO. / SO3Na nol-6’-sodium 
4 \N_n=n—Z \S -H.0 sulphonate 
ae Oe 
7, 
53 aa i Captax 
V4 ve 
‘s-sH 
) er 
s 
54] Mercaptophenylthiothiodiazolone 5-Mercapto-3-phe- 
a \ elena 3, 
A N—N 4-thiodiazolone; 
N= a d bismuthol II 
55 sia ety sodium salt Thiooxine, thio- | 
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Table 49 (continued) 


Molecular weight 


M log M Elements being determined Method 
384.69 58544 | Mg?+ Phot. (lumi- 
nescence) 


a 


418.79 | 62201 | Mg*+, Zn?* Phot. 


ee es 


167.26 | 22344 | Agt, Au3+, Bi8+, Cd?+, Cu2+, | Grav. 
Pb?t, T 18+ 


cs cc (Se (Sc 


226.35 | 35478 | Bist Phot. 


237.25 | 37524 | Pd2+, Cu2+, Mo¥!, ReV2!, In3+, | Phot. 
Mn?*, VIV Co2+, Ru3+, Oss+, 
Tl+ 
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Reagent Synonymous names 


56| Methyl violet — 


(CH)2N. < IN N(Cita)acl- 
4 4 G 


NHCHe 


57| Morin 3, 5, 7, 2’, 4’-Pen- 
taoxyflavone 
HO one OH 
WAN SZ SES 
HO O 
58| Murexide, See Table 28, No. 33, p. 238 


59] B-Naphthoquinoline Naphthin, 5, 6-ben- 
~ zoquinoline 
| | 
oe. 
\/ SF 
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Table 49 (continued) 


Molecular weight 


Sle i 
M log M Elements being determined Method 


— _ SbY, Zn2+, Cd2+, Ti3+, Hg?+, | Phot. 
ReV, TaY 


298.26 | 47459 | Al8+, Cast, Zr'Y, Th'Y, In3+ | Phot. (lumi- 
nescence) 


302.21 | 48034 | Ca2+, Sr2+ Phot. 


179.22 | 25339 | Cd2+ (the precipitate is calci- | Grav. 
ned to the oxide) 
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No. Reagent 


60] Nitrochromoazo 
NO, NO, 


5s A 
“e \so3H HO0,S% me 


Synonymous names 


Bis-[2, 7-(4-nitro- 
2-Sulpho-1-azo- 
benzene) |-1, 8- 
dioxynap ithale- 
ne-3, 6,-disul- 
phonic acid 


N N 
ll ll 
N N 
\ HO [OH / 
| | Z# 
Pow 
H0,8% S“\7 \go.H 
61] Nitron 4, 4-Diphenyl-(3, 5- 
CgH; —N —N oudotny)) dihy- 
dro-1, 2, 4-tria- 
a zole 
N 
SN 
H << Pe 
N 
| 
CaHs 
62| a-Nitroso-f-naphthol Ilyinsky’s reagent; 
NO 1-nitroso-2-naph- 
| OH thol 
ee 7 


63] -Nitroso-a-naphthol 


2-Nitroso-1-naph- 
thol 
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Table 49 (continued) 


Molecular weight 


Elements being determined Method 
M log M eg i ; 


778.65 | 89134 | Ba2?+, SO2- Vol. 


312.38 | 49468 | ReOz, NOs, ClO;, ClOg (in the | Grav. 
form of RAn, where An is 
an anion) 


173.47 | 23848 | Co%+, Fe3t, Pd2+, Cu®+ (in the | Grav., phot. 
form of MeR,, where n is 
the valency of metal; other- 
wise the precipitates are 
calcined to the oxides) 


173.17 | 23848 | Co®+ Phot. 


—_——  —/,.060€6€C—800 eee 


25— 1845 
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No. Reagent Synonymous names 


64] Nitroso-R-salt 4-Nitroso-2-naph- 


NO thol-3, 6-disul- 
| oon phonic acid, diso- 
ON yi dium salt 
Na03S” \/\¢4 \sogNa 


65] 4, 10-Phenanthroline = 


Lo Se 
4 \ ely, NN H,0 
66; Phenazo 3, 3'-Dinitro-4, 4’- 
O2N pNo2 bis-(4"-hydroxy- 
benzeneazo)-bi- 


~4N NEN NZ FN Len NLT EN LE 
HOW&_ P-NEN-A PAN NR -OH]Shenyl 


67) Phenylarsonic acid 
a 
,<_/ As0(OH)e 


68! Phenylfluorone 9-Pheny]-2, 3, 7-tri- 
CgHs oxyfluorone-6 


l 
HO AAAS 
07 7S S7 on 


1-(p-Nitropheny])- 


CO--CH-—NO, 3-methy|-4-nit- 
ropyrazolone-5 


69] Picrolonic acid 
STN, 
O.N—-< >—N l 
SF SCH; 


70| 2, 2’-Potassium bicinchonine 


KOOC COOK 
| 
C C 
SOOO 
N/N\4 
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Table 49 (continued) 


Molecular weight 


Elements being determined Method 
M log M . 


377.27 57665 | Co#+, Kt (indirect) Phot. 


498.23 | 29717 | Fe@+ Phot. 


484.30 | 68511 | Mg** Phot. 


— 


202.03 | 30542 ms TaY, ar'V, Bi3t+, HiTY, | Grav. 
ThrV paleo is are 
oo al to the oxides) 


320.34 50 557 Gel’, Sn!V, Ta’, Zr, SbHt Phot. 


264.24 | 42195 | Pb3+, Ga?+, Sr2+, Mg?+, Th'V| Grav. 
(in the form of MeR,, where 
n is the valency of metal) 
Ca?+ Phot. 


420.52 | 62379 | Cut 


20* 


388 


No Reagent Synonymous names 
74) Purpurin 4, 2, 4-Trioxyanth- 
O OH raquinone 
l | Con 
a604 
\7 a \ 
O OH 
72| Pyrogallol 4, 2, 3-Trioxyben- 
OH zene 
HO, | 
\ a pou 
) 
XX 
73] Quinaldic acid a-Quinoline carbo- 
ON/S xylic acid 
y -2H,0 
\YNS7cooH 
74] Quinalizarin 4, 2, 5, 8-Tetrao- 
HO i OH xyanthraquinone 
| | 
Oy 
hia \/\G 
HO b 
75| Rhodamine B sac ae S: tet- 
raethyldiamino- 
(CgH5)2N. N(CyHs)2Cl- o-carboxypheny]- 
Ol Ay a4 xantheny!l chlo- 
\ 040 ride 


C 
| cooH 
nN 

0) 
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Table 49 (continued) 


Molecular weight 


Elements being detcrmined Method 
M log M 


256.22 | 40861 | Zr'Y, F- Phot. 


eel 


426.44 40075 | Bit, Sb3+ (in the form of Grav. 
MeR 
BHI TaY, NbY Phot. 


a 


at 2+, Agt, Mn?+, Ni2+, | Grav. 
240.24 | 32265 Cutt, PL ace 

FeOH2+, AlOH?+, CrOH?+ 

(in the form of MeRy, where 

n is the valency of metal) 


Ah a N= fe ON wt Nl ee 
272.22 | 43492 | Be?+, BZ, Mg?+, Al5+, Ga3+ | Phot. 


EEE Sneed 


479.03 | 68037 | SbY> zn2t, Ga3+, TI8+, WY!, | Phot. (lumi- 
Cd2+ nescence) 
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eee SS ee——eEEee—e—e—ee——eeeeeeee 


Reagent 


Rhodamine 6G 


Synonymous names 


Bt 1 Blawgs ° “iie@lpaneteneu| of di- 


S 
(C.H5)oN — c¢ 


\gna-3H,0 


H,CpHIN NHC H.CI- ea ea 
2 atts Raaei enyl- 
a \7 N4N4 xantheny! chlo- 
VY IR VN ride 
Cc 
| 
a /E00CHs 
Ch. a eee: 
77| Rubeanic acid Dithioxamide 
Berge 
| 
s Ss 
i ~ 1 
| si“ H 
78| Salicylaldoxime = 
‘eee 
N/N\cH=N—OH 
79 eel eaiediecamenat =~=°€~«*«~ eee 2, 2'-Dioxybenzyli- 
OH HO, denaniline 
< S- H=n-4 S 
Cc N— <2) 
80} Salicylic acid o-Hydroxybenzoic 
sou acid 
4~\N_ 
C27 COOH 
81] Sodium diethyldithiocarbomate _ 
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fable 49 (continued) 


Molecular weight 


Elements being determined Method 
M log M 
450.97 | 65415 | ReY!!, In3+, Ti+ Phot. (lumi- 
nescence) 


se ey a ce Rae ee 
420.20 | 07990 | Cutt, Co?+, Ru'¥, Pd?+, Agt | Phot. 


eel ee 


137.14] 43746 | Cutt, Bi3+, Pb**, Pd2+ (in the] Grav. 


f MeR 
maar of Me) Phot 


3 Phot. (lumi- 
213.24 | 32887 | AlS* nescence) 
Mn2+ Phot. 


138.143 | 14029 | Fe3+, Cutt Phot. 


225.34 | 35284 | Cu2+, UO3zt, Ni* 
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No. Reagent Synonymous names 


82| Sodium sulphosalicylate _ 
HOOG. ‘ 


HO -¢ S- S03Na-2H,0 


83] Sodium tetraphenylborate Kalignost 
Rae. OOS 
\N=/N-7 N= | 4 
B Na 
Cy << S 
-\—/ —/— 
84} Stilbazo Se we 
phonic acid-4, 4’- 
aoe fS08NH | bis (azo-t")-3 
IN 4”-dioxybenzene, 
He eeer A = Nee aCe [| diammonium salt 
HO— ¢ S- N=N— ¢ \- 
ss scrr ‘ 
85] Stilbexone 4, See aac 
ben-(N, N,N‘, N’- 
HOOCH,C Vas peaah await 
\ ra thyl)-2-2'-disul- 
n—¢ S- CH phonic acid, diso- 
dium salt 


HOOCH,CY% = = | 


) 
HOOCH;C. yy 
soceaier” Naf 


Plumbone; 4”-nit- 
robenzene-(1”, 
4)-diazoamino- 
(1-azo-1’)-benze- 
ne-2”-arsono-4’- 
sodium sulpho- 

nate 
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Table 49 (continued) 


Molecular weight 


Elements being determined Method 
M log M st F 


254.22 | 40524 | Fe3+, Fe? Phot. 


Ret See ee! eee | eee ee eee 
- 342.24 | 53433 | Kt, Rbt, Cst, Tl+, NH Grav., vol., 


646.66 | 841068 | Alt Phot. 
3 Phot. (lumi- 
646.54 81058 | Fet+ necoucel 


oe a, Ce a tet ies Cee ae eee, 
572.32 | 75764 | Pb%+, Zn?+, Cd2+ Phot., vol. 
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No. Reagent Synonymous names 
87} Sulphonazo SulpEn De -[4-hyd- 
roxy pheny|-(3- 
HOS. JNJ 7 az0-2')]-4’-hy dro- 
xy-8’-aminona- 
—n/% \/\F phthalene-3’, 6’- 
disulphonic acid 
os oH OH NHa 
ip -2H,O 
LZ = OH NH, 
\_Y OH 1 | 
~\N= N— ‘6 \Z\ 


ney, \/ Vw, 7\s03H 


8 oe ES Ss AD Fe 
88] Tannin i. 


C7gH520x6 


89) Thioacetamide 
CH3— Cc — NH. 
I 


90} Thioglycolic acid HSCH,COOH _ 


91} Thionalide Sree a pu 
ide of thiogly- 
DSO colic acid 
I 
VV 
92| Thiourea Thiocarbamide 


H,N—C—NHg 
ll 
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Table 49 (continued) 


Molecular weight 
M log M 


Elements being determined Method 


976.93 | 98986 | Sc3+, VY Phot. 


~1700 | — | Bet, Als+, Gast, Get’, Mov", | Grav. 
NbY, SntY, TaY, Ti'Y, UO#*, 
wv! grtV, Thi (precipita- 
tes are calcined to the oxides) 

col ais 5 «eee ee a 

ne 3+, Ast+, Sb8+, Cd%, Ph’, | Grav. 
ale eae Mos", Cut, Pht 

Cu2t+ Phot. 


So 


92.420 | 96435 | Fett, WY%, Sn? (a reagent is | Phot. 
added when tin is being de- 
termined by dithiol) 
ae 
217.29 | 33704 | Ti+, As, spl, Sn2+, Ag*, Grav. 
Av cus+, Hg*t, Pd*+, Bist, 
Rh! Rul, Mn?+, Pb?+, Ni*+, 
Co2+ (in the form of MeR,, 
where n is the valency of 
roenn leee metal) 


76.125 | 88453 |Bis+, Os¥, Ru'Y, Rew, Te!) Phot. 
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No. Reagent 


93 horon 
/880(0H)(ONa) HO 7o0aNa 


\ 
< ca aX 
a, N==No—<¢ <> 


ZN 
NSO3Na 


94| Titanium yellow 


o-Tolidine 
_4 VA SN 
5 as OO sas 


95 


H.C” 


96] 8-Tosylaminoquinoline 


Synonymous names 


Benzene-2’-arsonic 


acid-(1’-azo-1)-2- 
hydroxynaphtha- 
lene-3, 6-disul- 
phonic acid, tri- 
sodium salt; tho- 
rin, naphthar- 
son, APANS 


Bis-4, 4’-[6-methyl- 


benzothiazol-(4, 
3) ]-diazoamino- 
benzene-(2, 2’)-so- 
dium disulphona- 
te; mimosa; thi- 
azo yellow 


8-(p-Toluene sul- 


phamido)-quino- 


e YC ~ line 
\/™* 
| 
NH 
= | 
S 
97| Zirconon 2-Hydroxy-5-me- 


O\_ ne=n—4 SN 
ca NNR 


= 
CH3 


* RE: rare-earth elements (lanthanoids, Y and 8c). 


thylazobenzene- 
4'-sulphonic acid 
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Table 49 (continued) 


"| Molecular weight | 
M | log M 


Elements being determined Method 


598.29 | 77691 | ThIY, F-, ULV, zn2+, Zr'Y, | Phot. 
Ta’, Nb’, RE*, BiS+, Lit, 
Be?t 


cs Le, eee eee Decal owen eee! 
695.75 | 84245 | Mg*+ Phot. 


a a ee 


212.30 | 32695 | Os0,, RuO,, Ag, VY, halo- | Phot. 
gens 


a 


Phot. (lumi- 
298.35 | 47473 | Zn®+, Cd? nescence) 


7 ee 


292.32] 46586 | Zr!Y (the panera is calci- | Grav. 
ned to the oxide) 
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Table 49 (continued) 
B. In the Alphabetical Order of the Elements Being Determined 


Element being 


determined (No. seeoreine to Table A) Method 
Aluminium 26, 49, 73, 88 Grav 
24, 49 Vol. 
1, 2,3, 4, 7, 44, 48, 49, 57, 74, | Phot 
, 84 
Ammonium 83 Grav., vol. 
hot. 
Antimony 49, 72, 89, 94 Grav 
49 Vol. 
145, 25, 49, 56, 75 Phot 
Arsenic 89, 91 Grav 
Barium 24, 24, 60 Vol. 
Beryllium Grav 
. re 4, 7, 13, 27, 44, 74, 93 Phot 
Bismuth 26, 31, 49, 53, 67, 72, 78, 89, 94 oars 
ol. 
re 49, 54, 92, 93 Phot 
Boron 22, 27, 72, 74 Phot 
Cadmium 5, "34, 49, 53, 59, 73, 89 Grav 
24, 49, 86 Vol. 
16, 18, 19, 25, 36, 43, 49, 56 | Phot 
. 75, 86, 96 
Calcium 69 Grav 
24 Vol. 
; 9, 58, 69 Phot. 
Cesium 38, 83 Grav., phot 
3 Vol. 
Cerium 7,8 Phot 
Chlorates and | 64 Grav 
perchlorates 
Chromium (III) | 49, 73 Grav 
24, 49 Vol., phot 
Chromium (VI) | 23, 36 hot. 
Cobalt 5, "34, 49, 62, 73, 91 Grav 
24, 49 Vol. 
24" 35, 43, 49, 55, 62, 63, 64, 77 | Phot 
Copper 5,441, 24, 26, 29, 49, 53, 73, | Grav 
78, 89, 94 
24, 49 Vol. 
33, 35, 40, 44, 43, 49, 55, 62 | Phot 
70, 77, 80, 81, 89 
Cyanides 33 Vol. 
Fluorine 2, 3, 4, 44, 74, 93 Phot 
Gallium 26, 49, 88 Grav 


24, 49 
3, 46, 48, 49, 50, 57, 74, 75 
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Table 49 (continued) 


Element pelng, Reagent 
determined (No. according to Table A) Method 


Germanium 
Gold 


Hafnium 

Indium 

24, 49 

a 49, 55, 76 


24 
10, 28, 35, 39, BS 82, 90 


Irop (ITT) 26, 31, 49, 62, 


24, 49 
49, 62, 78, 80, 82, 
Lead 5, 29, 49, 53, 69, 73, Ot, 78, 89 
24, 47, 49, 86, 
a "36, "43, ‘49, ‘8B, 89 


Iron (II) 


Lithium 
Magnesium 2. 69 
24° 49 
14, 49, 51, on 66, 74, 94 
9 


Manganese 5, 49, 

24, 49 

24, 49, 55, 79 
Mercury 5, 89, 94 


24, 47 
25, 33, 36, 37, 43, 56 
Molybdenum 49, 88, 89 


4 
42, 49, 55 
Vepeunuiin 8 
Nickel 5, 12, 29, 35, 45, 49, 73, 91 
24, 35, 49 
35, 43, 45, 49, 81 
Niobium 
Nitrates 
Osmium , 92, 95 
Palladium , 45, 49, 78, 94 
24. 35, 49 
28, 33, 35, 45, 49, 55, 62, 77 


33, 45 


Platinum 
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Table 49 (continued) 


t bei Reagent 
eaennined (No. according to Table A) Method 


Plutonium 8 Phot. 
Potassium 38, 83 Grav. 
83 Vol. 
38, 64, 83 Phot. 
Protactinium 8 Phot. 
RE* 24 Vol. 
7, 8, 93 

61 


55, 56, 76, 92 
91 


Rhenium 


Rhodium 
Rubidium 


Ruthenium 


Scandium 


Selenium 0 
Silver 29, 53, 73, 94 
24, 3 


33, 37, 43, 77 
Strontium 69 


Sulphates 
Tantalum ' 
7, 34, 56, 68, 72, 93 
Thallium 53, 83, 94 
24, 83 
15, 25, 40, 43, 55, 56, 75, 76, 83 
Thorium a 67, 69, 88 


2, 3, 7, 8, 48, 57, 93 
Tin o 88, 89, 94 


42, 43, 68, 90 
Titanium 26, 31, 49, 88 

24, 49 
3, 7, 20, 23, 32, 40, 49 
49, 88 
42, 49, 75, 90 
Uranium 26, 73, 88 


3, 7, 8, 81, 93 
Vanadium 26, 49 


Tungsten 


* RE: rare-earth elements (lanthanoids, Y and Sc). 


Element being 
determined 


Vanadium 


Wolfram 
Zinc 


Zirconium 
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Table 49 (continued) 


Reagent 
(No. according to Table A) Method 


24, 49 

7, 49, 55, 87, 95 

see Tungsten 

5, 29, 49, 73 

24, 49, 86 

Siar! 25, 43, 49, 56, 75, 86, 


26, 49, 67, 88, 97 
24, 
2, 3, 7, 8, 44, 48, 49, 57, 68, 93 
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Table 50 
USSR Standard Sieves 


Number of ope- 
nings per inch 


Number of ope- Width of ope- Diameter of 


nings per cm (mesh number) ning, mm wire, mm 
425 325, 0,044 0.036 
106 270 0.053 0.041 

93 230 0.062 0.046 
79 200 0.074 0.053 
66 470 0.088 0.063 
56 140 0.105 0.074 
47 120 0.125 0.086 
40 400 0.149 0.102 
34 80 0.177 0.119 
29 70 0.24 0.140 
24 60 0.25 0.162 
20 50 0.30 0.188 
18 45 0.35 0.22 
15 40 0.42 0.25 
13 35 0.50 0.29 
14 30 0.59 0.33 
9 25 0.71 0.37 
8 20 0.84 0.42 
7 18 4.00 0.48 
6 16 1.19 0.54 
5 14 4.44 0.61 
4 42 4.68 0.69 
3.5 10 2.00 0.76 
3 8 2.38 0.84 
2.7 7 2.83 0.92 
2.3 6 3.36 4.02 
2 5 4.00 4.12 
1.7 4 4.76 4.27 
1.4 3.5 5.66 4.45 
1.2 3 6.72 4.65 
4 2.5 8.00 4.85 
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Table 51 


Half-Wave Potentials in Polarographic Analysis 
with a Dropping Mercury Electrode 


El t bei . ; ; Half-wave 
determine | ComPsion et anagomcon | gleney | “pptati 
2” 
AU 0.5.V BaCl, (the evolution 
of H, is possible) . 340 (?)} —1.7 
AsIII 1M H,SO,+ 0.01% gela- 
GANS eh ceo ee Se eas 3-0 —0.7 
Bilt 0. ae NaOH + 0.025% ge- 
evened ie sto Gatto, 8 3-5 —0.26 
Ww Hy SO, + 0.01% gela- 
in. pee anee 3->0 —0.04 
0. EM KNaGHi, Og + 0.01% 
gelatin 
pH4.5....... 3+0 —0.29 
PHO). chee ees he 3-0 —0.70 
0.5@ NaKC,H,0O, + 
+ 0.01N NaOH “+ 0.01% 
gelatin. ....... 3—>0 —1.00 
Brv Buffer solution, pH 1.0| 5—(—1)/ —0.43 
Call and Tetramethy] ammonium 
other al- salt solutions ..... 2-0 —2,22 
kaline- 
earth 
| metals 
cal! 0. ANSHCE” pcan 2% 2+0 —0.60 
NOH GEL oa coe as sore nate 2+0 —0.79 
iy NH,Cl+1NV NH,OH| 2-0 —0.81 
CelV 0.1M ethylenediamine 4+3 —0.71 
Coll 0.25M KCl....... 2+0 A. 
1M KSCN ....... 2-0 —1.03 
0.14M ethylenediamine 2>3 —0.456 
crit OAM AGL: 4. 52d: he 2+3 —0.58 
ITI 342 —0.81 
Cr OAN KCL. ....... 20 —4'50 
crv! 4MKOH........ 6+ 3 —1.03 
Cul 4M NH,OH+ 1M NH,Cl { 1+ 2 —0.25 
130 —0.54 
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Element being} Composition of the solution 
determined 


Cull 


Table 51 


Valency 
(background) change 


Seale HeeOa DOL A ee: 


GIN. © iow tend So eters 2-0 
0. SM Na,C,H,0,, pH 12 2+0 
1M NaC,0, ...... 3 ae 2 
1M Na.C,0, ...... 2223 
1M HCl0,, pH 0-2 1. .{ 20 
0.5M (NH,),C,H,O, + 
+ 1M NH,OH + 0.005% 3-2 
gelatin ....... { 20 


Salicylic acid, pH 2.8-3.2 30 
1N NH,OH + iN NH,Cl 3 +0 


0.5@ HCl ....... 2-0 
4M H,SO, ....... 2+4 
0.44 NH,OH + 0.1M 
NH,Gh os. ee A A 4 +2 
0.2M EDTA, pH 6.8. . 4>0 
0.44 KCL .. 2... 1-0 
O.1M Li,SO, aoe re a Se —1) _> 
—> (—2) 
0.4M@ NaOH ...... (—1) +0 
0.05@ KCl ...... 5 > (—1) 
aoe H,SO,, HNO; . . 3-0 
6N HCl .......- 3+ 0 
0.1M tetramethyl ammo- 
mium ......2.-. 1-0 
0.5@ NH,OH + 0.5N 
A Y a Teh eal Sa Ge Mies a 2 > 0 
2M NaOH 
2—>3 
+5% KNaC,H,O, .. 2-0 
6—>5 
3M HClO, ......- 5+ 3 
: 6—>5 
O4M HCL ....... { ae 


332 
} Buiter solution, pH 9. . f 2-3 


y 


fs fA) 


(continued) 


Half-wave 


potential 
E1jy, V 


Element being 
determined 


NY 


Composition of the solution 
(background) 


0.4M LiCl 

0.14f LaCl,; 0.447 CeCl, 

0.1M H,C,0,4, pH 1.2-5.5 

0.0641 HNO; 

HClO,, pH 0-2, 1N KCl 

1M NH,OH + 0.2M NH,Cl 
+ 0.005% gelatin . 


Buffer solution, pH 1-10 


Ca(OH), saturated 


0.974 NaOH 

4M NH,OH + 1M NH,Cl+ 
+ 0.001% methyl red 

2M NaOH or KOH . . . 

0.5@ KSCN + 0.05M 
ethylene diamine . . 


41M HCl 
1M NaOH + 0.01% gela- 


4M HCl + 4M NH,Cl + 
+ 0.005% gelatin .. 


{ 
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Table 51 (continued) 


Valency 
change 


Half-wave 
potential 
E1)/,. V 


—2.4 
—1.2 
—1.5 
—0.84 
—1.1 


—1.06 
—0.05 
—0.04 


—1.44 
—1.,16 


—0.431 
—0.765 


—0.72 
—1.44 


—0.51 


—1.43 
—0.45 


—0.93 


—0.22 
—0.45 
—1.15 


—0.24 


—1.50 
—0.46 
—0.4 


—0.73 
—1.22 


—0.25 
—0.52 
—1.2 


—1.16 
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Table 51 (continued) 


Element being | Composition of the solution Valency Fateatat, 
determined (background) change Ei Io: 
TelV 0.1M NaOH + 0.003% ge- 

TaGIM, sy Beye aed. a hee 4+ (—2)) —1.22 


0.14 (NH4).C,H,O, + 
tH 0. ae gelatin, 


cS FE DOr in ky 8a fe 4-> (0)? | —0.76 
tet 0. ty NOH + 0.03% ge- 
Tagin <. cto haa er a nn 6+ (—2)} —1.66 
0.4 NH,Cl + NH,OH -+ 
+ 0.0005% gelatin 
PH6.2......., 6— (—2)| —1.17 
1 ee ee ee 6» (—2)} —1.34 
pull OAM HED oe es 3-4 —0.14 
TiIV O4M HCL ......, 4+3 —0.81 
0.2M H.C,H,O, ....| 4+3 —0.38 
0.4M Na,C,H,O, + 
+ 0.005% gelatin, 
pPH11.8 2. 


ulVv 0.4M NaclO,....., 4+3 —0.92 
UY 0.4¥ KCl + HCl, pH 3 5+6 —0.18 


0.5V HCl. ......, 
01M KCl ......, 23 —0.50 


2—>3 —0.55 
Na,B,0, saturated, pH 5.1 34 —0.03 
4-5 +0.13 

yill 0.1M CO2- Be 300s satura- 
ted, pH6.7 ©... , 3>5 —0.06 

yiv 0.1m H,80, + 0.005% 
gelatin... 2. , 4—>2 —0.85 


1M NaOH + 0.08M 


~ Na,SO, + 1M KCl my a8 4 > 5 —0.39 
Vv Beak oan: 1M ot 
0 5>4 —0.97 
WwW 1M HCL... 1... eee ; 


* Reduced directly at the potential of mercury solution. 
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Table 51 (continued) 


Half-wave 
Element being | Composition of the solution Valency 
determined (background) change ey 


—0.66 
—1.02 


1M NH,OH + 0.2M 
NH,Cl + 0.005% gela- 


—1.33 
—1.49 


0.14M KCl, pH 3 —1.65 
(when co.IV =1{x 10-3) 
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Table 52 


Amperometric Titration of Selected Substances (according 


Abbreviations used: a—anodic (oxidizing) current; c—cathodic (re 
Forms of titration curves 


eT 


BG 


Potential of the platinum 
Ion or | Nature indicator microelectrode 


molecule of Telative to the reference 
which pro-| elect- electrode Composition of background 
diffusion et ia 
C= 
current {| tion microelect- Pe cid ae 
’ trode, V 
Agi c 10 —0.25 HNO,, KNOs,, 
CH;COONa 
c |0 —0.25 HNO , KNOs,, 
CH,;COONa 
c +0.40 +0,415 H,SO, 
c |+0.40 +0.45 H,SO, 
from 0 from —0.25] NH,OH + NH,Cl 


to +0.40 to +0.15 


Ast | a | +4.30 +1.05 HCl, H,SO, 


— 
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to O. A. Songina) 


ducing) current 


of j 

Substance being 
Hire: titrated Titrant Remarks 
curve 


form sparingly 
soluble precipi- 


fates with Ag! 


II Cl-, Br, I, Agi = 
SCN- and 
others which 
form sparingly 
soluble preci- 
pitates with Ag! 
I Agi I- and others} Titration can be con- 
which ; ore ducted in the pre- 
sparingly solu- II 
ae Sreu pia: sence of Cu 
tes with Agi 


II Cl- and others | Ag! ditto 
which form 
sparingly solu- 
ble precipite- 
tes with Ag? 
II | PO3- Agi = 


I Agi Br-, Cl- and = 
Eee which 


_ 


Asill Br03 — 
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Potential of the platinum 
Ion or Nature indicator microelectrode 
molecule of relative to the reference 
which pro-| elect- electrode Composition of background 
aii FOGG po solution 
usion | reac- 
: saturated 
current tion | microelect calomel 


rode, V electrode, V 


Aull c | from 0 from —0.25]} IICl, H,SO4, KNOg, 
to +0.40 | to -+-0.15 NaNO, 


ec |+0.40 +0.15 KNO , NH,NO3, H,SO, 
Bill e |+0.4 —0.15 HC1O,, pH 1.2 
HNO , pH 1.5 
Br, e |+0.45 +0.20 NaHCO, + KBr 
c |+0.40 +0.15 HCl, 2N 
H,SO,, 4N + Cl- 


H,SO, 


Br- a |+1.30 | +1.05 | H,SO,, 2N 
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Table 52 (continued) 


Form 
titra: al erie Titrant Remarks 
tion 
curve 
I Awl S,03- and vari-| Titration of Au! 
ous organic with reducing 
compounds; for agents is conduct- 
example, mer-| cd more conve- 
captothiazole, niently according 
hydroquinone, to the current of 
thiourea their oxidation; 
for example, thi- 
ourea at the micro- 
electrode potenti- 
al equal to +0.8 V 
(microelectrode). 
In this case, the 
titration curve is 
of the II shape 
I Awl Fe(CN)§- — 
| I] | PO?- Bill = 
Ir | As™! , NH, BrO-, ClO- = 
111 Ill BrOs yf the test solution 
: Aerator , contains Hg!!, Cul, 
Ag! and others, tit- 
ration is conducted 
at the microelec- 
trode potential 
equal to +0.70 V 


a ———————————— 


| II | py Br- ae 


II Oxalate, viv. Cel If, under these con- 
Fell. tT! ditions, the reduc- 

’ ing agent yields an 

anodic current, 

then the titration 

curve has the re- 

versible III shape 
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Potential of the platinum 
Ion or | Nature indicator microelectrode 
molecule of relative to the reference 
which pro-| elect- electrode Composition of background 
duces FOG: fa solution 
diffusion | reac- 


t ti i lect- saturated 
curren on se lia . calomel elec- 
Cel c |+4.00 +0.75 H,S0, 
Cell | a | +1.60 +4 .35 CH,CO,Na + ethanol 
Cl, c |+0.70 +0.45 HCl 
Cl- a |+4.50 +4.25 HCl 
crv! c |+0.40 +0.45 HCl, <6 
+0.40 +0.15 H,SO,, 4-6N 
+0.70 40.45 H,SO,, 8-12V 
+0.90 +0.65 H,S0,, >12N 


| a |+o.5 |+0:40 |H,S0, 


Cull c | <+0.30 <+0.05 Indifferent electroly- 
tes, diluted acids 


ro 
9 Substance being 
titra- 

tion titrated 
curve 


IIL | Various organic 
compounds; for 
example, hyd- 
roquinone, me- 
thol, pyrocate- 
chin, p-amido- 
phenol and 
others 


Titrant 


— | Various reducing | Cr,03~ 


agents, for 
example, Fell, 
Spit : Astit 
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Table 52 (continued) 


Remarks 


Before the equival- 
ence  point—the 
organic-com pound 
oxidation current; 
after the equival- 
ence  point—the 
CelV reduction 
current 


The value of the Cl, 
reduction current 
is used to deter- 
mine chlorine in 
water 


In a_ hydrochloride 
medium, the chlo- 
ride oxidation cur- 
rent may inhibit 
other anodic pro- 
cesses 


The form of the tit- 


ration curve de- 
rue on the re- 
uctant being tit- 
rated and the mi- 
croelectrode poten- 
tia 


In amperometric tit- 


ration, the Cul! re- 
duction current is 
not used, but it 
can hinder the de- 
termination of 
other substances 
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Potential of the platinum 
Ion or Nature} Indicator microelectrode 
molecule of relative to the reference 
which pro-| elect- electrode Cormpestion a background 
solution 


uces 
diffusion | reac- 


current | tion | microelect- eee. 
rode, trode, V 
Felll c |—0.45 —0.40 H,SO, + (NH,).SO, 
c 0 —0.25 HCl, ~1.2N 
c 0 —0.25 Depending on the sub- 
stance being deter- 
mined 
Fell a |+4.25 +4.00 H,S0, 
a |+4.40 +0.85 H,S0O,, HCl 
Fe(CN)e| ¢ | +0.05 —0.20 NI,OH + NH,CI 
e |-+0.20 —0.05 NaOH 


Fe(CN){| a | from +0.70| from +0.45 — 
to 1.00 to +0.75 
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Table 52 (continued) 


Substance kei 
titrated ne Titrant Remarks 


ue | rit Fell! = 

1 | Fell! Ascorbic acid Titrati a Aves 
. IV. ,qMI ml p- itration is conduct- 
V jar", Al“, Bev] F ed in the presence 


of Fe!!! (indicator 
method) 


MnV!l cyV!, vY,| Fell If, under these con- 
CelV ditions, the oxidiz- 
ing agent produces 
a cathodic current, 
then the titration 
curve has the III 

shape 

I | Felt MnOq,  Cr,03-, | Ditto 
vVO;, Cel¥ 
Il | Col! Fe(CN)3- It is possible to tit- 
rate Fe(CN)3- with 
a standard Co!! so- 
lution, then thie 
titration curve has 
the I form 

Ir | TH Fe(CN)3- Titration with hexa- 
cyanoferrate is con- 
ducted in the pre- 
sence of a catalyst: 

OsO; 
— | Zn, pp, cal! | Fe(CN)§- The microelectrode 
Cal! | Cull, potential, the back- 
Mn Znil ground composi- 
1? : tion and, consequ- 
ao and others ently, the form of 
which form the titration curve 
sparingly solu- depend on the sub- 
a precipita- stance being deter- 

bey mined 


Ault; by reduc- 
tion reaction 
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Potential of the platinum 


Ton or Nature indicator microelectrode 
molecule of relative to the reference 
which pro-} elect- electrode Composition of background 
aitttien | 22 ane 
t | tt 5 icroelect- saturated 
curren on mle ea ealomel elect- 
Hg!! ec |+0.40 +0.15 NaNOs, NH,NOs, 
H,SO, 
c +0.40 +0.15 NaNO;, NH,NO,, 
2VU, 
Hg! | c bag 40.45 | NaNO3, NINO, 
Beginning of reduction 
H,0 c |—0.70 —0.95 Alkaline medium 
—0.40 —0.65 Neutral medium 
0 —0.25 Acidic medium 
fi Beginning of oxidation 
+0.80 +0.55 Alkaline medium 
+1.20 +0.95 Neutral medium 
+1.50 +1.25 Acidic medium 
1, c +0.20 —0.05 HCl, >9V 
c 0 —0.25 CH,CO.Na 
e |+0.45 +0.20 Seignette salt + 
+ NaHCO, 
c +0.40 +0.15 HCl, 2N; H,SO,, 2N + 
+ KCl 
a +1.00 +0.75 KNOs, NH,NO, 
a +1.00 +0.75 HCl > 6N 
Ir'V c |+0.70 +0,45 HCl 
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Table 52 (continued) 


Mo¥! : wv! 


Fo 

° 

titra- Sate Titrant Remarks 
tion 

curve 
1 | Hg"! I-, Cl- os 
II | Cl- Hg! as 

| Il | Pyrophosphate, | Hg! = 


— Water-reduction cur- 
rent limits the ca- 
thodic region of 
electrode reaction 


— Water-oxidation cur- 
rent limits the ano- 
dic region of elec- 
trode reaction 


Iv | As’, Sel¥ I- — 
I |I, S,0}- This reaction is used 


to determine Cul!, 
Fell AsV after ad- 


ding an excess of I- 
to the test solution 


Ir | Snt, AsUT spur) 7, — 


I | spi, re 105 ios 


Ir | Ag', Hgt!, pal! | 1- a 


i | TH I- = 
Il | Se¥ I- = 
I |ir¥ Ascorbic acid, — 


hydroquinone 


ie ee 
27—1845 
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Ion or Nature} 
molecule of 
which pro-| elect- 

duces rode 
diffusion | reac- 


Potential of the platinum 
indicator microelectrode 


relative 


to the reference 
electrode 


Composition of background 
solution 


d 
current tion eee calomel elect 
Mo ec |+0.80 +0.55 H,SO, < 8V 
ce |+0.75 +0.50 HCl, 1V 
ce |+0.40 +0.15 CH,CO,Na + ZnO 
c |+0.40 +0.15 K,P,0,, pH 6-7 
ce |+0.40 +0.15 NaOH, 1N 
Moll ec |+0.90 +0.65 H,SO, > 9N 
e |+0.90 +0.65 H,PO, > 10N 
Mol! a |+1.20 +0.95 Acid, neutral, 


H,CO.Na 
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Table 52 (continued) 


of Substance being 


ue. titrated Titrant Remarks 
curve 
tet es Se rt Me te ee ee 

— | Various reducing | MnO; The form of the tit- 
agents, for ration curve de- 
example, oxa- pends on the sub- 
late, ferrocy- stance being tit- 
anide, vi 2 rated 

1 Asill 

Spit Sn 

II te MnO; ~ 

IL |Mni Mn0O;z = 

Il | Mol MnOz a 

Il | TelY MnOq = 


Pees 1I.C.0 This reaction is used 
a bac as to determine PrO, 
after adding an ex- 
cess of Mn! to the 
test solution 
I Mulll Fel! It is possible to tit- 
rate Mn¥! accord- 
ing to the Fe! oxi- 
dation current when 
the microelectrode 
potential is+1.3V. 
In this case, the 
titration curve has 
the II form 


eg 


= ron — In amperometric tit- 
ration, the Mol! 
oxidation current 
is not used, but it 
can hinder the de- 
termination of 
other substances 


27* 


420 


Potential of the platinum 
Ion or Nature indicator microelectrode 


which pro- elect- iy tetrede Composition of background 
ices qode solution 
diffus! = 
current | tion | microelect- Peper 
rode, V rode, V 
NO; c | from +0.40) from +0.15 
to +1.00} to +0.75 
depending on HNO, 
concentration 
Pe 
NOz a |+41.30 +1.05 H,SO,, 0.054 
0, c Beginning of reduction 
+0.10 —0.15 Alkaline medium 
+0.40 +0.15 Neutral medium 
+0.80 +0.55 Acid medium 
Pp c |—0.60 —0.85 CH,CO,Na, CHsCO,NH, 


Substance being 
titrated 


Titrant 


Strong oxidiz- 
ers, for examp- 
le, MnOq, CelY 
Sul eeeere 
aci 


Cr,02-, Mo0?-, 
WwO?- 
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Table 52 (continued) 


Remarks 


In amperometric tit- 


ration, the NO; 
reduction current 
is not used, but 
it can hinder the 
determination of 
other substances 
if the HNO, con- 
centration used as 
a background is 
>S5N 


For the amperomet- 


ric titration of 
NOs, against the 
background of am- 
monium citrate 
(pH 4-4.5) it is also 
possible to use 
chloroamine T as 
a titrant with its 
reduction current, 
at the microelec- 
trode potential 
equal to +0.3 V 


The O, reduction cur- 


UE 


rent is used in the 
polarographic de- 
termination of dis- 
solved oxygen. In 
amperometric tit- 
ration, the O, re- 
duction current 
hinders the deter- 
mination of other 
substances 
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Potential of the platinum 
Ton or Nature indicator microelectrode 


molecule of relative to the reference 
which pro-} elect- electrode Composition of backgroun 
uces rode solution 


d Uae Ee 
diffusion | reac- 
current | tion microelect- saturated 


rode, V | alomel elect- 
Ppll c +1,80 +1,55 CH,CO,NH, or 
CH,CO,Na, 0.54 
Sn! a |—0.20 —0.45 Alkaline solution of 
complexone III 
TelVY ce |+0.60 +0.35 H,SO,, 6.V 
pet a |+0.75 +0.50 H,SO, + (NH,4)2SO, 
a |+4.00 +0.75 H,SO,, 10N 
a |+4.00 +0.75 H,SO,, 1NV + H,P,0, 
Ty ce |+0.50 +0.25 KNO 3, CH,CO,Na and 


others 


Substance being 
titrated 


SO}- 


Titrant 


ppl 


Hg 


Ill , 


Cr,03- 
Til 


pill 
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Table 52 (continued) 


Remarks 


The titrant is the 
solution of lead ace- 
tate salt contain- 
ing 4-5% of acetic 
acid 


The titrant is the 
solution of mercu- 
ric chloride salt. 
Beyond the equi- 
valence point—the 


Hg"! reduction cur- 
rent 


In amperometric tit- 
ration, the Te!” re- 
duction current is 
not measured, but 
it can hinder the 
determination of 
other substances 


Various reducing | Amperometric titra- 


for 
thi- 


agents, 
example, 
ourea 


tion of TJIII with 
thiourea is more 
convenient to con- 
duct according to 
the current of the 
oxidation of the 
latter at the micro- 
electrode potenti- 
al equal to +0.80V. 
In this case, the 
titration curve 
has the II form 


Ion or Nature 
molecule of 
which pro-| elect- 

duces rode 
diffusion | reac- 
current tion 


Ti c 
a 


Potential of the platinum 
indicator microelectrode 
relative to the reference 


electrode 
microelect- saturated 
calomel elect- 
owes. Y rode, 
—0.60 —0.85 
+1.40 44.15 


Composition of background 
solution 


CH,CO,Na 
KNO 3, NH,NO;, H,SO, 


yi a |+0.20 —0.05 
vv ce |+0.50 +0.25 
e |+4.00 +0.75 
viv a |+0.85 +0.60 
vil a |+0.85 +0.60 
a |+0.45 +0.20 


H,S0, 


H,SO,, 12-16 


H,S0,, 18-24V 


CH,;CO.H + CH,CO,Na, 
pH 4 


H,SO, + HPO, 
H,S0, 
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Table 52 (continued) 


Form 


of 
titre |) SU Petes Being Titrant Remarks 


tion 
curve 


| 1 {ti I- ~ 

— In amperometric tit- 
ration, the Tl- 
oxidation current 
is not used, but 
it can hinder the 
determination of 
other substances 


a a Oe 
Tit | ull Fell! Beyond the equival- 
ence point—the 
Fell reduction 

current 


a UIE 


II | Various reducing | VO3 


agents, for 
example, Fell 
Ir | vY Fell Beyond the equival- 
ence point—the 


Fe!! oxidation cur- 
rent 


II | Complexone III | VO?* This reaction is 
used to determine 


AI grl¥) phiv 
and other substan- 
ces after adding an 
excess of complex- 
one III to the test 
solution 
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Table 53 


Conditions of Amperometric Titration with Two Polarized 


Forms of titration curves 
I Z pits 4 


In amperometric titration with two polarized electrodes, the 
latter must be in the titrate simultaneously and must have a suf- 
ficiently large surface (this being the difference in respect of classical 
amperometric titration with a microelectrode). Voltage is applied to 
the electrodes with the aid of a voltage divider from an external source 
of direct current with a small output voltage (~2-4 V). The amount 
of voltage applied to the electrodes is controlled (without trying to 
achieve great accuracy) by a d.c. voltmeter which is connected to the 
circuit parallel to the electrodes. 

The fourth column of the table gives approximate voltages applied 
to the electrodes, at which the latter are depolarized: before the equi- 
valence point or after it, or in the entire process of titration. 

The fifth column gives the oxidation-reduction systems whose 
components provide an indicator current, which arises due to the 


Electrode reactions 


Substance : Voltage indicator 
being de-| —Titrant Electrode | peing applied, 
termine mv before the equiva- 
lence point 
Ag! Cl-, Br-, | Hg from 1 Ag'/Ilg } 
I- to 10 

Ap F- Pt 100 ~ | 
AslT | BrOs Pt 50 — 

Fe(CN)3- | Pt 200 = 


rr LS 
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Indicator Electrodes (according to O. A. Songina) 


depolarization of electrodes. The dashes in this column indicate the 
absence of the indicator current either before or after the equivalence 
point at a given voltage applied to the indicator electrodes. This 
occurs when, in the process Yl titration, the components of an oxida- 
tion-reduction system either being formed or present in the titrate 
cannot, at a given voltage, be oxidized and reduced at the electrodes, 
or when one of the conjugated forms of the redox per is absent. 

In some cases, depending on the composition and amount of voltage 
apeied to the electrodes, an oxidized form of one and a reduced form 
of another redox system can participate in electrochemical reactions, 
thus providing an indicator current before and (or) after the equival- 
ence point. 

In the sixth column, Roman numerals indicate the forms of titra- 
tion curves near the equivalence point. 


Form of 
which induce the 
titration 
current curves 
ner the Remarks 
after the equivalence | °{ulva- 
lence 
point point 
— I As electrodes, ground mercury is 
used. Before the equivalence point 
is reached, the electrode materi- 
al—Hg | (anode) —is oxidized, and 
Ag! is reduced at the cathode 
— IV Titration is conducted in the pres- 
ence of the redox pair Fe!!/Fel! 
Br,/Br- II Titration is conducted in the pres- 


ence of Br- 
Fe(CN)3-/Fe(CN )4- II Titration is conducted in the pres- 
ence of an Os0O, catalyst 


J 
Spe ee ee ee See. 
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Electrode eactions 


tor 
ins Electrode Voltage indica 
being de- Titrant LC are SE 
termined material Be 


before the equiva- 
Tence point 


Aull Ascorbic Pt 


400 Aull/c]- 
acid 


Call F- Pt 400 ee 


Complex- | Cathode: 130 — 


one III Pt 
anode: 
amalga- 
mated 
Ag 
Fe(CN)i- | Pt 400 = 
cal Fe(CN)i- | Pt 200 | ~ | 
CelY | Ascorbic | Pt 200 Ce! ¥/Cell 
acid, 
oxalic 
acid 


Cel¥/cel! 
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Table 53 (continued) 


which induce the Form of 
titrati 
current Pi abate oa 
near the Remarks 
after the equiva- ie 
lence point point 
_ I Titration is conducted in a hydro- 
chloric acid medium. Before the 
equivalence point is reached Av 
is reduced at the-cathode, and Cl- 
is oxidized at the anode 
_ IV Titration is conducted in the pres- 
ence of the redox pair Fe1/Fel 
Ag'/Ag | II Beyond the equivalence point, the 


electrode material—Ag } (anode)— 
is oxidized 

Hg!/Hg } II As electrodes, ground mercury is 
used. Beyond the equivalence 
point, the electrode material— 
Hg | (anode)—is oxidized 


— IV Titration is conducted in the pres- 
ence of the redox pair Fe!!/Fe! 
_ IV Titration is conducted in an alkaline 


medium in the presence of Hg! 


H+/Fe(CN)é- II As a titrant, (NH,),Fe(CN). is used. 
Beyond the equivalence point, H+ 
is reduced at the cathode and 
Fe(CN)§- is oxidized at the anode 


Titration is conducted in the pres- 


Fe(CN)3-/Fe(CN)§- 
ence of Fe(CN)3- 


II 


Fel! /Felt 
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Electrode reactions 
indi 


s Voltag ndicator 
being de- Titrant pierce being appl Hed 
termined mV before the equiva- 
lence point 
CelV¥ | N-Benzoyl- | Pt 800 Ce!Y/H,0 
pocnye: or 
hie background 
xylamine 
Cupferron | Pt 1000 Ce! ¥/Cel!t 
Cl- Ag! Ag from 4 — 
to 10 
Ig! Hg from 1 _— 
to 10 
Coll! Ascorbic Pt 100 The mechanism 
acid 
Col CelV, Pt 100 The mechanism 
Cr,0; ’ 
VO; 
Fell Pt 1000 The mechanism 
CriV | Fell Pt 100 = 
Fell Pt 150 _ 
Cull Complex- Cu 20 CuM/cu | 


one III 
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Table 53 (continued) 


Form of 
which induce the 
titration 
current curves 
Be tiyee Remarks 
after the ee ~ 
lence 
lence po eRe 2 | en i a 


reached, Ce!Y is reduced at the 
cathode ‘and, at the anode, water 
or the background electrolyte is 
oxidized, for example Cl-, if tit- 
ration is conducted ina sulphuric 
acid medium or in the presence 
of chloride 

III Before the equivalence point is 
reached, cupferron reduces Ce 
Beyond the equivalence point, 
H+ is reduced at the cathode, and 
cupferron is oxidized at the anode 


— I Before the equivalence point is 
H*+/cupferron 


Ag!/Ag { I] Beyond the equivalence point, the 
electrode material—Ag | (anode)— 
is oxidized 

lig'/lig | II As electrodes, ground mercury is 
used. Beyond the equivalence 
point, the electrode material— 
| ___it__—sdHg} (amode)—is oxidized (anode)—is oxidized 


is not established 
complex solution 


i The titrate is the cobaltic carbonate 


is not established Titration is conducted in the pres- 
ence of complexone III 

Titration is conducted in the pres- 
ence of phenanthroline 


is not established — 


Fol!l/Fell II Titration is conducted with a ferrous 
perchlorate solution in glacial ace- 
tic acid 


Before the equivalence point is 
reached, the electrode nenal 


Cu } (anode)—is oxidized, and Cull 


Felll/Fel! II = 
7 is reduced at the cathode 
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Electrode reactions 


ta Vv ndicator 
Saeed Electrode oltage 

being de- Titrant being appliled 

iercined material ay ’ 


pene the canines 
lence point 


can Leonplets (ba. geet erm iuy tl’ os. (t Complex- Pt, gra-} From 1000 
one III phite to 1400 
ait! Cgc lp alia |,~=~|OU Complex- Pt, — gra-| from 1000 
one III phite to 1400 
Ascorbic Pt 100 Fell!/Pe!! 
acid 
Fall CelV Fe!ll/pel! 
MnOq, 
Cr,07 
Cro, Felll/Fell 
Fe(CN)3-] AsOz Pt 150 Fe(CN)g-/Fe(CN)a- 
| 
Fe(CN)$~ MnO; Pt 150 Fe(CN)3-/Fe(CN)§- 
CelV Pt 150 Fe(CN)3-/Fe(CN)§- 


Znl! Pt 150 Fe(CN)3-/Fe(CN)§- 
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Table 53 (continued) 


Form of 
walel gneuce the titration 
curves 
near the Remarks 
equiva- 


after the equiva- 


lence point a 
H** cupric com- 1] Beyond the equivalence point, H+ 
plexonate/com- and cupric complexonate are reduo- 
plexone III ed simultaneously, and complex- 
one III is oxidized at the anode | 
H+-+ ferric com- II Beyond the equivalence point, H+ 
plexonate/com- and ferric complexonate are reduc- 
plexone III ed simultaneously, and complex- 


one III is oxidized at the anode 


= I = 


_ I Titration is conducted in glacial 
acetic acid with a ferrous per- 
chlorate solution 


Titration is conducted in the pres- 
ence of an OsO, catalyst. This 
reaction can be used to indirectly 
determine Hg!, Co!!, snl, spt!!, 
As"! SelY and others by the tit- 
ration of the excess of Fe(CN)§- 


_ I 
Col ¥/Cell! Ill 


Titration is conducted in the pres- 
ence of Fe(CN)$-. As a titrant, 
use can also be made of other 
cations which form sparingly sol- 
uble precipitates with ferrocy- 
anide, hexacyanoferrate (II); for 


example, call 


Fe(CN)3-/Fe(CN)4- II Titration is conducted in the pres- 
ence of Fe(CN)§- 


a | 
28—1845 
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Electrode peneoun 


ndicator 
Supance Electrode Voltage 
being de- Titrant ; being applied, |_—-———#——_—_ 
termined material my. 


before the equiva- 
lence point 


H,O Fisher’s Pt 30 — 
reagent 
Hg"! Complex- | Hg from 41 Hg"/Hg | 
one III to’ 10 
I- Pt 30 — 


Hg! CN-, SCN-,| Hg from 4 He/He | 
Cl”, Br-, to 10 
I- 


Lali! Fe(CN)s- | Pt 400 = 
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Table 53 (continued) 


which induce the ein 
current curves 
=o nol the Remarks 

after the equiva- perdi 

lence point point 
I,/I- II This reaction is used to determine 
water in organic and inorganic 

materials 


mt 


ett I As electrodes, ground mercury is 
used. Before the equivalence point 
is reached, the electrode mate- 
rial—Ilg } (anode)—is oxidized 
I,/I- II Titration is conducted in the pres- 
ence of Cr,0- or I, 
oo gn = eo eel 
_ I As electrodes, ground mercury is 
used. Before the equivalence point 
is reached, the electrode materi- 
al—Hg | (anode)—is oxidized 


Titration is conducted in the pres- 


II 
ence of Fe(CN)3- 


Fe(CN)3-/Fe(CN)é- 


This reaction can be used to indi- 
rectly determine Cl,, H,O,, Oz, 
Cull, TI1!, selY and others by the 
titration of I,, which separates 
after adding an excess of iodide 


= I 
I Beyond the equivalence point, the 
AgvAgy : cectrode material—Ag } (anode)— 
is oxidized 
= I Titration is conducted in the pres- 
ence of I, 
Ag'/Ag {} I Titration of potassium tetraphenyl- 
borate is conducted in acetone. 
Beyond the equivalence point, 
the electrode material—Ag | (ano- 
de)—is oxidized 


H+/Fe(CN)$~ II Beyond the equivalence point, Ht 
is reduced at the cathode 


28* 
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Electrode roacne 


dicator 

Substance Voltage n 
Electrode 

be de- trant being applied, 

termined ce material env 


hefore the equiva- 
lence point 


Mgt | Bros Pt 50 2 


Complex- | Cathode: 210 
one III Pt, 
anode: 
amalga- 
mated Ag 


Mn0z_ | Fed Pt 400 ~ 
Fe Pt 150 
Mol! MnO; Cathode: | Without 
Pt, the ap- 
anode: plication 
Ag of volt- 
age 
Mov! | ppt Pt 1300 | — | 
NO; Fel Pt 10 | a | 
Nill Dimethyl- | Cathode: | 1500 Nit/OH- 
glyoxime amalgam- 
ated Ag, 
anode: 
Pt 
I, Pt 30 = 
sO}- ae & = | = | 


8,0}- I,, 105 
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Table 53 (continued) 


which induce the Form of 
titration 
current enves 
ie the Remarks 
after the equiva- equiva- 
lence 
lence point point 
aN oan ee 
Br,/Br- Il The titration of magnesium hydroxy- 


quinolate is conducted in the 
presence of Br- 
Mercuric com- IV Titration is conducted in an ammo- 
plexonate/Hg | nia buffer solution in the pres- 
ence of Hel! 


Felll/pell II = 

Fell Fell II Titration is conducted with. ferrous 
perchlorate solution in glacial ace- 
tic acid 

MnOj/Ag | II Beyond the equivalence point, the 
electrode material—Ag } (anode)— 
is oxidized, and MnOq is reduced 
at the cathode 

H+/Pbl II Beyond the equivalence point, H+ 
is reduced at the cathode, and 
Pb" is oxidized at the anode 


= I Before the equivalence point is 
reached, Ni“ is reduced at the 
cathode, and OH- is oxidized at 
the anode (alkaline medium) 


I,/I- II Titration is conducted in the pres- 
ence of dimethylglyoxime 
I,/I- II Titration is conducted in glacial 


acetic acid 
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Electrode fest gne 


ndicator 
Substance Electrode 


Voltage 
being de- Titrant material being eppietls 
m 


termined before the equiva- 


lence point 


SCN- | Cel Pt 200 = 


BrOz Pt 
to 100 

ed eS ae = eg FE ig on ile ee 
Sn A Pt E | = 
es Eh a ee 
Th Complex- Pt 100 — 

one III 
ee Ns I on 
TH | celV Pt | 100 | = | 
a a ee 
TH Complex- | Graphite, | from 1000 a 

one III Pt to 1400 

Fe(CN)é- Pt 400 _— 

CelV Pt 100 fee 
Ue ne ee a 
uv VO; Pt from 200 a 

to 300 
Fell Pt 400 be 
Complex- Pt 500 H+/ulV 


one II] 
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Table 53 (continued) 


which induce th Form of 
current _| eure 
CenLAS Remarks 
after the equiva- i 
lence point Tt 
Co! V/celll II Titration is conducted in the pres- 
ence of pyridine and an ICI cata- 
lyst. This reaction can be used 
to indirectly determine Cul, Coll, 
call, Nill by the titration of an 
excess of SCN- 
a SE Se 
Br,/Br- | II | = 
el ee ae 
I,/I- | II | =a 
a IV Titration is conducted in the pres- 
ence of the Fe!!!/Fe! redox pair 
a 
CelV/Celll | Il | — 
[Rn 
H+ + thallic com- II Beyond the equivalence point, Ht 
plexonate/com- and thallic complexonate are re- 


duced simultaneously at the ca- 
thode, and complexone III is 
oxidized at the are ‘: 
H+, 4- I Beyond the equivalence point, H+ 
CME ; . reduced at the cathode, and 
Fe(CN)é- is oxidized at the anode 


plexone III 


Ce!V/celll II 


vV¥/ylv Il 


Fe!ll/Fell II 
= I Before the equivalence point is 


reached, H+ is reduced at the 
cathode, and U!Y is oxidized at 
the anode 


Fell! /Fell | II | 
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Electrode peeedone 


ndicator 
Substance ; Electrode Voltage 
pee ed Tens material eae before the equiva. 

lence polit 
wv! Pb Pt 1500 — 
I 
yl Cupferron | ptt from 1000 — 
to 1200 


Zn! Fe(CN)é- | Pt 200 _ | 


Form of 
which induce the 
current Bian 
pean the 
after the equiva- Mayas 
lence point aint 
H+/Ppll II 


H+/cupferron II 


Fe(CN)3-/Fe(CN)s-| II 
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Table 53 (continued) 


Remarks 


Beyond the equivalence point, H+ 
is reduced at the cathode, and 


Pb" is oxidized at the anode 


Beyond the equivalence point, H+ 
is reduced at the cathode, and 
cupferron is oxidized at the anode 


Titration is conducted in the pres- 
enco of Fe(CN)3- 
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Table 54 


Overvoltage of Hydrogen and Oxygen at 
Various Electrodes 


(at room temperature) 


The dependence of the hydrogen overvoltage NH, ON current density 
is expressed by the equation . 


NH, = 0.116 log i+ k 


wher .¢ is a constant which depends on the nature of the electrode. 
With a rise in temperature, the value of overvoltage decreases by 
3 mV/°C, In an alkaline medium, hydrogen overvoltage is as a rule 
somewhat greater (by 0.1-0.3 V) than in an acidic medium. The over- 
voltage of oxygen in an alkaline medium is approximately one volt 
greater than in an acidic medium. The overvoltage of electroseparation 
of metals is considerably less than that of gases. 


Current density, A/cm? 


Composition -0 5 
Electrode of the solution |°stetee{0.0001}0.001| 0.04 


oo he ee 
overvoltage, V 


Hydrogen 


Palladium 2N H,SO, —0.26 
Pla nue (pla-| ditto 0.000 
tinized) 

Platinum 2N' HO, | 9 08 
(smooth) aM ie = 
Gold EN AELSO,..) cel 
Cobalt 2N H,S0, 0.067 
Silver oy 1°80! Ongt 
Vanadium 2N H,SO, 0.135 
eae 2N H,SO, 0.138 

icke 


0.145NV HCl _ 
0.4N NaOH = 
Tungsten 2N H,SO, 0.157 
Molybdenum | 2V H,SO, 0.168 
{ ty H,SO, 0.175 


j=) 
oo 
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5N NaOH 
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Chromium _| 2v H,SO, 0.182 


1N H,SO = 
Eopper { 2N H3S0, | 0.190 
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Table 54 (continued) 


Current density, A/cm? 


Electrode ot em posttion 10 00005!0.0001| 0.004] 0.01 | 0.4 
overvoltage, V 
Antimony 2N H,SO, 0.233) — _ _ _ 
Titanium 2N H,SO, 0.236} — _ - — 
Aluminium 2N H,SO; 0.296] — —_ -_ _— 
Carbon 2N H,SO, 0.335] 0.77 | 0.88); 1.0 | — 
Arsenic 2N H,SO, 0.369) — _ _ _ 
Bismuth 2N H.SO, 0.388} — _ - _ 
: 1N H,SO _ — |0.98| 1.43; — 
Cadmium on Hso, | 0.392) — | — | — | — 
Tin 2N H,SO, 0.401] — _ 1.08 | 1.22 
Lead 2N H,SO, 0.402) 0.98 | 1.4 4.21) — 
Zinc 2N H,SO, 0.482) — _ 0.75 | 1.06 
4N H,SO — 10.93] 1.04} 1.46) — 
Mercury on H’s0, | 0.570] — | — | 4:04] 4.07 
Oxygen 

ey ee ee me ee see 

Platinum | { T, sai - 
(smooth) 0.2V H,SO, — |0.67/0.78/ — | — 
From __ lead | 8N H,SO, — | 0.97] 1.08} 1.49] — 

dioxide 

ron 2N NaOH — | 0.44] 0.48] 0.52] — 


* 0.023 A/cm?. 
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Table 55 


Potentials of Electrode Decomposition of 1 V Solutions 
of Selected Compounds 


ae 
_ 
co) 
on 
NC) 


canna peor noRl 
n en- 3 m poten- 
Compound HA ial Compound “ial, v 
Salts 
AgNO, ..... 0.70 FIBE ve as 0.94 
CuSO, ..... 1.49 (COOH), 0.95 
Pb(NOs)o 1.52 Cle? 2. aiid tsa 4.31 
CoCl,h .. 1... 1.78 HClO, ...... 1.65 
ZuBrg  ..... 4.80 H,SO,...... 1.67 
MiG. a a ocnsousce 4.85 HNO, ..... 1.69 
CdCl os a. ae 1.88 CH,(COOH), 4.69 
CoSO, ..... 4.92 SPO. ob 8 2 4.70 
Cd(NOg), 4.98 CH,CICOOH 1.72 
DBO 6 poe 2.03 Bases 
NiSO,...... 2.09 ‘ 
ZnSO, ..... 2.35 Ee ec estee oe 1.67 
; NaOH ..... 1.69 
Acids NH,OH |__|. 1.74 
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Table 56 


Flame Photometry 


Recommended wavelengths of the spectral lines and the molecular- 
band maxima for determining the elements with the aid of a spectro- 
photometer having glass optics and with the use of an air-acetylene 


ame 
(the wavelengths of molccular-band maxima are italicized) 


Element Wwaveleng i Element ay CEnEtD 
ae ne ae —H e ee  e  e 
Barium ..... 870.0 Lithium ..... 670.8 
Boron. ..... 545.0-548.0|| Magnesium. . . 384.0 
Calcium ..... 422.7 Manganese . . . .| 403.1-403.4 
Calcium ..... 622.0 Phosphorus 548.0 
Cesium ..... 852.1 Potassium . .. .| 766.5-769.9 
Chromium... . 425.4 Rubidium... 794.8 
Europium .... 459.4 Sodium ..... 589 .0-589 .6 
Gallium ..... 417.2 Strontium... .. 460.7 
Indium ..... 451.4 Thallium .... 535.4 
Iron. . 2... 386.0 Ytterbium.... 398 .8 
Lanthanum... 438.0 Yttrium ..... 618 .0-616 .6 


Lanthanum ... 794.0 
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Table 57 


British and American Weights and Measures in 


Comparison with the Metric System of Measurement 


Name 


Linear Measures 
1 mile = 1760 yards = 5280 feet = 63,360 inches 


1 yard = 3 feet = 36 inches ......... 
1 foot= 12 inches ............., 
1 ine 


Liquid Measures 
gallon (Br.) = 4 quarts = 8 pints = 32 gills = 
eee tid ounce Ste 2 es a . 
gallon -) = 4 quarts = 8 pints = 32 gills = 
= 128 fluid eanices Pe ine ce fn i : 


— ~~ a pe —_ ss 
uo) 
me 
i=] 
co 


ry 


Ws Re Rien he Se SOs Teh fe 28k cat De a ae 8 en ca Ne 


scruples ............, 
fluid drachm (Am.) 


ee ae er ae oe ae a | 


— > _ — 


=— 
i=%) 
S 
I 
iS) 
oe 
oo 
nS 
a 
"3 
= 
i=} 
~m 


Units of Energy 
Br. foot-pound = 0.1383 kgf-m ....... 


Br. horsepower-hour (hp-h) = 0.746 kWh = 
= 274,000 kgf-m = 1.014 hp-h (metric system) 


—_ 


Metric 
equivalent 


1.6093 km 
0.9144 m 
0.3048 m 
2.5400 cm 


4.546 1 


3.785 | 
4.546 | 


0.5683 1 
0.4/32 1 
28.41 ml 
29.57 ml 


3.552 ml 
3.697 ml 
4.184 ml 
0.05919 ml 
0.06161 ml 


453.59 g 
1016.05 kg 
907.185 kg 
28.35 g 
1,772 g 
0.0648 g 


1.356 J 
4690 kJ 
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Table 57 (continued) 


Metric 
Name equivalent 


1 British thermal unit (BTU) = quantity of 
heat that raises the temperature of 1 Br. 
pound of water by 1°9F ........... 0.252 kcal 


Units of Power 


1 Br. foot-pound/second = 0,0018144 hp (metric 
system) ...... 2.0. eee eee eee 1.356 W 
1 Br. horsepower = 1.014 metric horsepower . . 0.746 kW 
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Table 58 


Simplified Table of Five-Place Logarithms 

Every line gives the proportional parts of the mean values of the 
of their real values). Such a simplification leads to errors in mantissas 
and convenient to use as the tables of four-place logarithms. 


A. Logarithms 


20 | 30103 | 30320 | 30535 | 30750 | 30963 | 31175 | 31387 
21 || 32.222 | 32428 | 32634 | 32838 | 33044 | 33244 | 33445 
22 || 34242 | 34439 | 34635 | 34830 | 35025 | 35248 | 35414 
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differences between the numbers which stand on the given line (instead 
of logarithms, but they are not over 0.00002. This table is as easy 


Proportional parts of the mean values of differences 
i 2 3 | 4 5 6 | 7 8 9 
42 85 127] 170 212 254 297 339 381 
02 938} 03342] 03743] 40 841 121 | 162 202 242 | 283 323 364 
37 77 4116 | 154 193 232 270 309 348 
06 819} 07188] 07 a EE Oe] Of eae 37 74 144 | 148 185 222 | 259 296 333 
36 74 106 | 142 477 213 | 248 284 319 
10 380| 10721] 11059] 34 68 102 | 136 170 204 | 238 272 307 
33 66 1314 164 197 | 229 262 295 
43672] 13988] 14304] 32 63 og 126 158 190 | 221 253 284 
30 64 941 | 122 152 183 213 244 274 
46 732| 17026] 17319} 29 59 88 | 118 147 177 206 236 265 
28 57 a 414 142 171 | 199 228 256 
49 590} 19866] 20140] 28 55 410 1388 165 | 193 224 248 
27 53 407 134 160 | 187 244 240 
22 272 | 22531] 22789] 26 52 104 130 156 182 208 233 
401 126 4154 176 204 227 
24797 | 25 042] 25 285 oe 9 58 122 4147 174 196 220 
448 71] 95 119 143 | 167 190 244 
27 184] 27416] 27 646 3 46 69 93 116 139 162 185 208 
a o 90 113 135 | 158 180 203 
29 447 | 29 667 OP asc irae asd | 88 110 132 | 154 176 198 


34 597} 34806} 32015] 21 43 64] 85 106 127 | 148 170 190 
33 646 | 33 846} 34044] 20 44 61{ 841 101 124 | 141 162 19892 
35 603} 35793) 35984] 20 39 58] 77 97 116 | 135 154 174 


I | 
29— 1845 
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Logarithms 


|: 
37 475 
39 270 


40 993 
42 654 
44 248 
45 788 
47 276 


48 714 
50 106 
54 455 
52 763 
54 033 


59 267 
56 467 
57 634 
58 771 
59 879 


60 959 
62 044 
63 043 
64 048 
65 034 


65 992 
66 932 
67 852 
68 753 
69 636 


70 504 
71 349 
72 184 
72 997 
73 799 


74 586 
75 358 
76 118 
76 864 
77 597 


s | 


37 658 
39 445 


41 162 
42 813 
44 404 
45 939 
47 422 


48 855 
50 243 
54 587 
52 §92 
54 158 


55 388 
56 585 
57 749 
58 883 
59 988 


61 066 
62 118 
63 144 
64 147 
65 128 


66 087 
67 025 
67 943 
63 842 
69 723 


70 586 
71 433 
72 263 
73 078 
73 878 


74 663 
75 435 
76 193 
76 938 
77 670 


37 840 
39 620 


41 330 
42975 
44 560 
46 090 
47 567 


48 996 
50 379 
54 720 
53 020 
54 283 


55 509 
56 703 
57 864 
58 995 
60 097 


61 172 
62 221 
63 246 
64 246 
65 225 


66 184 
67 117 
68 034 
68 934 
69 810 


70 672 
74 517 
72 346 
73 159 
73 957 


74 744 
75 544 
76 268 
77 012 
77 743 


Proportional parts of the mean values of differences 


{ 


_— 
NNWOOO CHOOMND DOOSO 


2 


3 


4 


5 
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Table 58 (continued) 


6 


| 7 


452 


Logarithms 


78 104 
78 8417 
79 518 
80 209 
80 889 


81 558 
82 217 
82 866 
83 506 
84 136 


84 757 
85 370 
85 974 
86 570 
87 157 


87 737 
88 309 
88 874 
89 432 
89 982 


90 526 
91 062 
91 593 
92 117 
92 634 


93 146 
93 651 
94 154 
94 645 
95 134 


95 647 
96 095 
96 567 
97 035 
97 497 


81 624 
82 282 
82 930 
83 569 
84 198 


84 819 
85 431 
86 034 
86 629 
87 216 


87 795 
88 366 
88 930 
89 487 
90 037 


90 580 
91 116 
91 645 
92 169 
92 686 


93 197 
93 702 
94 201 
94 694 
95 182 


95 665 
96 142 
96 614 
97 081 
97 543 
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Table 58 (continued) 


Proportional parts of the mean valuec of differences 


{ 2 3 4 5 6 | 7 8 9 
78 390| 78462] 7 14 22 29 36 43 50 58 65 
79099| 79169] 7 14 21 28 36 43 50 57 64 
79 796| 79865} 7 14 24 28 35 44 48 55 62 
80 482] 80550} 7 14 20 27 34 41 48 54 64 
81158] 81224] 7 13 20 27 34 40 47 54 60 
81 823| 81889] 7 13 20 26 33 40 46 53 59 
82 478| 82543] 7 13 20 26 33 39 46 52 59 
83 123] 83187] 6 13 19 26 32 38 45 51 58 
83 759| 83822] 6 13 19 25 32 38 44 50 57 
84 386| 84448] 6 12 19 25 31 37 43 50 56 
85003} 85065} 6 12 19 25 34 37 43 50 56 
85 642| 85673] 6 12 18 24 34 37 43 49 55 
86 213] 86273] 6 12 18 24 30 36 42 48 54 
86 806} 86864{ 6 12 18 24 30 35 44 47 53 
87 390| 87448] 6 12 17 23 29 35 44 46 52 
87967] 88024] 6 12 17 23 29 35 41 46 52 
88536| 88593| 6 41 17 23 29 34 40 46 54 
89098} 89154] 6 11 17 22 28 34 39 45 50 
89653| 89708] 6 11 17 22 28 33 39 44 50 
90200} 90255) 6 14 17 22 28 33 39 44 50 
90741| 90795] 5 44 16 22 27 32 38 43 49 
91 275| 91328} 5 41 16 24 27 32 37 42 48 
91803] 91855] 5 41 16 21 27 32 37 42 48 
92 324| 92376] 5 10 16 21 26 31 36 42 47 
92 840] 92891] 5 10 45 20 26 31 36 41 46 
93 349] 93399] 5 10 15 20 26 31 36 44 46 
93 852| 93902} 5 10 45 20 25 30 35 40 45 
94 349| 94399) 5 10 45 20 25 30 35 40 45 
94 844] 94890] 5 10 45 20 25 29 34 39 44 
95 328| 95376] 5 10 45 19 24 29 34 39 44 
95809] 95856] 5 10 14 49 24 29 34 38 43 
96 284| 96332] 5 9 14 19 24 28 33 38 42 
96 755| 96802} 5 9 14 19 24 28 33 38 42 
97 220] 97267] 5 9 14 18 23 28 32 38 
97681] 97727] 5 9 14 18 23 28 32 37 42 
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Logarithms 


> | 
95 || 97772 | 97818 | 97864 | 97909 | 97955 | 98000 | 98046 
96 || 98227 | 98272 | 98318 | 98363 | 98408 | 98453 | 98 498 
97 || 98677 | 98722 | 98767 | 98841 | 98856 | 98900 | 98 945 


98 || 99123 | 994167 | 99211 | 99255 | 99300 | 99344 | 99 388 
99 || 99564 | 99607 | 99651 | 99695 | 99739 | 99782 | 99 826 


N 


a 
——e 
>~ 
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—— 


B. Antilogarithms 
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Table 58 (continued) 


Proportional parts of the mean values of differences 


: 123 4 5 6 7 8 9 
98 094} 98 437] 98 182 5 9 414 48 23 27 32 36 44 
98 543] 98588) 98 632 5 9 14 148 23 27 32 36 41 
98 989] 99034] 99078 49 18 48 22 27 31 36 40 
99 432] 99 476] 99520 49 13 18 22 26 31 35 40 
99870} 99913] 99 957 4 9 13 47 22 26 34 35 39 


Proportional parts of the mean values of differences 


{ 2 


2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
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Antilogarithms 
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Table 58 (continued) 


WHOM COC CMCC N AYAVA~1 DAMMAM DODO Creer ois ih 
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Antilogarithms 


of 


log | 


39994 | 40087 | 40179 | 40272 | 40365 
40926 | 41020 | 44115 | 41210 | 41305 
41879 | 41976 | 42073 | 42170 | 42267 
42855 | 42954 | 43053 | 434152 | 43251 
43 853 | 43954 | 44055 | 44157 | 44 259 


44875 | 44978 | 45082 | 45186 | 45290 
45920 | 46026 | 46132 | 46238 | 46 345 
46989 | 47098 | 47206 | 47315 | 47 424 
48 084 | 48195 | 48306 | 48417 | 48529 
49204 | 49317 | 49431 | 49545 | 49659 


-70 | 50419 | 50234 | 50350 | 50466 | 50582 | 50699 | 50816 
-71 | 54286 | 51404 | 51523 | 51642 | 51764 | 51880 | 52000 


-60 || 39844 | 39 902 
-72 | 52481 | 52 602 723 | 52845 | 52966 | 53088 | 53244 


-641 || 40738 | 40832 
-62 || 44687 | 41 783 
-63 |) 42658 | 42 756 
-64 || 43652 | 43 752 


-65 || 44668 | 44771 
-66 | 45709 | 45 814 
-67 || 46774 | 46 884 
-68 || 47863 | 47973 
-69 || 48978 | 49094 


-73 || 53703 | 53827 | 53954 | 54075 | 54200 | 54325 | 54450 
-74 || 54954 | 55081 | 55208 | 55336 | 55463 | 55590 | 55749 


-75 || 56 234 | 56364 | 56494 | 56624 | 56754 | 56855 | 57016 
-76 || 57544 | 57677 | 57810 | 57943 | 58076 | 58240 | 58345 
-77 || 58884 | 59020 | 59156 | 59293 | 59429 | 59566 | 59704 
-78 || 60256 | 60395 | 60534 | 60674 | 60814 | 60954 | 61094 
-79 || 61659 | 61802 | 61944 | 62087 | 62230 | 62373 | 62517 


-80 || 63096 | 63241 , 63387 | 63533 | 63680 | 63826 | 63973 
-84 | 64565 | 64714 | 64863 | 65013 | 65163 | 65313 | 65 464 
82 | 66069 | 56222 | 66374 | 66527 | 66681 | 66834 | 66 988 
-83 | 67608 | G7 764 | 67920 | 68077 | 68234 | 68391 | 68549 © 
-84 | 69183 | 69343 | 69503 | 69663 | 69823 | 69984 | 70 146 


-85 | 70795 | 70958 | 74124 | 74285 | 71450 | 71614 | 71779 
-86 || 72444 | 72641 | 72778 | 72946 | 73114 | 73282 | 73454 
.87 || 74134 | 74302 | 74473 | 74645 | 74817 | 74989 | 75162 
.88 || 75858 | 76033 | 76208 | 76384 | 76560 | 76736 | 76913 
.89 || 77625 | 77804 | 77983 | 78163 | 78343 | 78524 | 78705 


-90 | 79433 | 79616 | 79799 | 79983 | 80168 | 80353 | 80538 
-91 || 81283 | 81470 | 81658 | 81846 | 82035 | 82224 | 82414 
-92 || 83176 | 83368 | 83560 | 83753 | 83946 | 84140 | 84333 
93 | 85414 | 85310 | 85507 | 85704 | 85904 | 86099 | 86298 
.94 || 87096 | 87297 | 87498 | 87700 | 87902 | 88105 | 88308 


95 | 89125 | 89331 | 89536 | 89743 | 89950 | 90157 | 90365 
-96 | 91201 | 91411 | 91622 | 91833 | 92045 | 92257 | 92 470 
-97 || 93325 | 935441 | 93756 | 93972 | 94189 | 94406 | 94624 
95 499 | 95719 96 383 
97 949 98 628 


95 940 
98 175 


97 724 
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Table 58 (continued) 


Proportional parts of the mcan values of differences 


123 4 5 6 | 7 8 9 


Appendices 


Examples of Using Some Tables 


Table 7 
Analytical and Stoichiometric Multipliers (Factors) 


The table is intended above all for calculations connected with 
analytical determinations by gravimetric methods. 

When the content of a component is being determined in some 
material, two cases are possible. 

1. The unknown component is weighed in the form in which it is 
desirable to express its content in the substance being analysed; for exam- 
ple, in determining the Cu content in bronze, copper is separated by 
electrolysis and weighed as such, and in another caso, SiO, from the 
mineral is weighed in the form of SiO., whose form usually expresses 
the Si content of minerals in rocks. In these’cases, the percentage 0 
the unknown component is calculated by the simple formula 


ax 100 
g 


= % 
where a = mass of the separated component; 
g = weighed portion of a substance taken for analysis (a and 
g are expressed in the same mass units). 
For calculation, two logarithms must be found without using Table 7. 

2. The unknown component is weighed in a form that is different 
from the one in which it is desirable to express the result of the analysis; 
for example, the determination of P is completed by weighing a calcin- 
ed precipitate of Mg,P,0, or, in determining Si in steel. the analysis 
is scagleted likewise by weighing SiO,, as in the case of analysing 
the mineral, but the result must be expressed in the percentage of the 
element (Si). Sometimes, the weighed substance does not contain 
the element being determined. Thus, in determining N in ammonium 
salt, ammonium is occasionally precipitated in the form of 
(NH,),PtCl, which is then calcined; Pt obtained is weighed. The 
ee Pt is used to calculate the percentage of N in the salt being 
analysed. 

In all these cases it is obviously necessary to calculate the amount 
of the unknown component to which the found mass of the weighed 
substance (a) corresponds. Therefore, in determining Si, mass a must 
be divided by the molecular weight of SiO, and multiplied by the 


atomic weight of Si, i.e., aa ; in determining P, the found mass a 
2 


must be divided by the molecular weight of Mg,P,07 and multiplied 
by the double atomic weight of P (since the Mg,P,0, molecule con- 


461 


tains 2P), i.e., nor, ; in determining N, the found mass a must 


be divided by the atomic weight of Pt and multiplied by the double 

atomic weight of N, i.e., an , since in the (NH4)2PtCl, compound, 

two atoms of N combine with one atom of Pt. All the values of these 
i 2P 


fracti j Si 2N i i 

tions, i.o., SiO,’ MagsP,0, ’ Pt’ etc., and their Og anInInE, 
are aiven in Table 7, where they are called multipliers and designated 
by tho letter f (they are also called factors, conversion factors, chemical 
multipliers). Thus, the content of the component being determined 
‘in the weighed substance will be a/, and its percentage in the material 


eing analysed will be: 
af x 100 


% 


i 


g 

Thus, the calculation is performed by finding three logarithms 
(one from Table 7, and two from the common logarithm table), adding 
two of them and subtracting the third one. 

Since the operation of addition and subtraction cannot be perform- 
ed in one column, it is necessary to learn how to quickly find its com- 
plement to unity by logarithm. Then, the entire operation consists 
in adding threo mantissas: log z = log @ + log f + (1 — log g). The 
characteristics and the whole number 2 (log 100 = 2) are not taken 
into account. When the operation is completed and the number z 
is found by its logarithm, it is easy to find the proper place of the 
decimal point in it, since it is always known whether the material 

eing analysed contains, say, 8.3 or 83 or 0.83 per cent of the compo- 
nent being determined. : 

To find the complement of log g to unity, the last figure of the 
mantissa is subtracted from 10, and the remaining figures are sub- 
tracted from 9; for example, if the mantissa of log g is 34 906, its 


complement to unity is 65 094. 


Examples of Calculating the Results of Gravimetric, 
Analytical Determinations 
Example 1. To determine Cu in brass, a portion of a shaving ¢ 
weighing 1.1238 g is taken. The mass of a pure platinum electrode 
is 12.4826 g; the mass of the same electrode coated with deposited Cu 
is 13.2965 g after drying. Find the percentage of Cu in the alloy. 
The mass of deposited Cu a = 13.2965 Beige rhe = 0.8139 g. 
The unknown percentage of Cu is z= a %. We find 
the logarithms in Table 58 (p. 448) and write down the mantissas 


without the characteristics: 
91 057 
05 069 
log z = 85 988; z = 72.42% 


It is easy to see from the calculating formula that the final resul 
will have two digits before the decimal point. In working out this 
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example, we did not have to use the multipliors of Table 7, since the 
component of brass (Cu) being determined was weighed in the form 
of metal. 

Example 2. To determine Mg in limestone, a portion weighing 
4.2456 g is taken. After SiO,, Fe, Al and Ca are separated, Mg is 
precipitated in the form of MgNH,PO, which by calcination is con- 
verted to Mg,P,0,; the mass of the calcined precipitate a = 9.0551 g. 
Find the Percentage of magnesium in the limestone. 

We find in the common logarithm table: log g = log 1.2456 = 
= 09 540; log a = log 0.0551 = 74 115. As in the preceding example, 
we find only the mantissas. 

In Table 7 we find Mg in the first column, Mg P.O, in the next 
column, and then on the same line the value of multiplier f equal 
to 0.2184, and log f equal to 33 930. Now we add: 


log a = 74 115 


log f = 33 930 
1 — log g = 90 460 
log z = 98 505 


The Mg content is 0.966 or 0.97%. 

Since in the mass of the calcined precipitate weighing 0.0551 g, 
the maximum absolute error is +0.0002 g Ne inaccuracy of ordinary 
weighings on an analytical balance), which is 0.4% of the relative 
error, the same maximum relative error will bo also in the final result 
(rule 4, p. 11), i.e., the answer will be 0.966 + 0.004%. We see that 
the answer must not have more than three figures after the decimal 
point, since the third figure is already dubious. However, considering 
that during the analysis there may bo other sources of errors besides 
Me ees in weighing, it is expedient to round the result obtained 
0 ° Oe 


Table 14 


Calculation of the Results of Volumetric-Analytical 
Determinations 


In finding the results of volumetric-analytical determinations, 
upnecessary and intricate calculations are often performed. For 
example, in calculating the amount of Fe titrated with the KMnO, 
solution, the amount of KMnO, that has reacted is calculated at 
first, and then the stoichiometri:; ratio ({ mole of KMnO,: 5 moles 
of Fe?+) is used to determine tho Fe content. This is an intricate way 
of calculation, and therefore it is unacceptable. ‘lo simplify similar 
calculations the concentrations of solutions are expressed in normali- 
ties. 

The normality or the normal concentration of a solution is the 
number of gram-equivalents of a solute in one litre of the solution 
or the number of milligram equivalents in ono millilitre of the solution. 

Chemical equivalent is a term applied to the active part of an atom 
or a molecule which: 


463 


(a) in neutralization reactions corresponds to one hydrogen ion H+ 
or one hydroxyl ion OH- that forms water. 

For example, in the reaction HsPO,-+ 2NaOH = Na,HPO, + 
-+- 2H,O, two ions of H+ and two ions of OH- form two molecules 
of H,O. It follows that there are 4/2 molecule of H,PO, and one mole- 
é 2Na0H 

ule (— 
are their equivalents; 

(b) in ozidation-reduction reactions corresponds to one electron 
that a molecule or an ion of a substance accepts or gives off in a given 
reaction. . ; : i 

For example, K MnO, reacts as an oxidizing agent in an acid medium 
according to the equation: 

MnO; + 8H*+ + 5e > Mn** + 4H,0 

It follows that there is 1/5MnOj or 1/5KMnO, per electron, which 
are equivalents. Oxalic acid H,C.,0O,4 reacts as a reducing agent accord- 
ing to the equation 


) of caustic soda per one ion of H* or OH-. These values 


C,03- — 2e > 2CO, 


it follows that there is 1/2C,027, or 1/2H,C,0,4, or 1/2H,C,0, -2H,0 
Per one electron; these values are the equivalents; 

. (C) in precipitation and complexing reactions corresponds to one 
ion of a univalent metal, 1/2 ion of a bivalent metal, and so forth, 
that form a precipitate or a complex compound. Thus, in titrating 
Cyanide with silver salt according to Mohr: 


Agt +. CN- = AgCN or AgNO, -+ KCN = AgCN + KNOs 


the equivalent of KCN is equal to one molecule, and in titrating 
© same cyanide according to Deniges: 
Agt + 2CN- = Ag(CN)s or AgNO, -+ 2KCN = KAg(CN)s+KNO, 


the equivalent of KCN is equal to two molecules, 

From the above-examples, wo see that the chemical equivalent of 
@ substance is not a constant number, but depends on the reaction in 
which the substance participates. . 

Gram-equivalent (or milligram-equivalent) weight of an element 
or compound is its equivalent weight expressed in grams (or milli- 
grams). 

If the concentration (titre) of a titrating solution (sometimes 
called a standard solution) is expressed by its normality N,, and E, 
is its equivalent weight, every millilitre of the solution will contain 
NE, mg of the titrating substance. Having used V ml of the solution 
in the titration, we introduced VV,Z, mg of the titrating substance 
into the reaction. Since a reaction occurs always between the quanti- 
ties of the substances proportional to their equivalents, the quantity 
of the titrated substance (being determined) will be VV ,£, mg, where 
E, is the equivalent weight of the substance being determined. It 
follows that for calculations, it is necessary to know only the normal- 
ity of the titrating solution NV, and the equivalent weight E, of the 
substance being determined. The latter can be found in Table 14. 
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The percentage (x) of the substance being determined in the weighed 
portion (g) is calculated by the formula: 

_ VN Ex X 100 VN; Ex 

ae eee 0 


where g is expressed in mg, and g’ in grams. 


% 


A. Determination of the Normality of a Titrant 
(Finding of the Titre) 


In establishing the normality of a solution, a certain amount of 
a starting substance gs is weighed. The weighed portion is dissolved 
and the solution obtained is titrated with the solution whose normality 
(N,.) is to be determined. Suppose V ml is used in titration. Then 
VNxE, = g, and 


8s 
Nae VE; 
where E£, is the equivalent weight of the starting substance which 
can be found in Table 14; the value of g, is expressed in mg. 

The weighed portion of the substance is dissolved in a suitable 
solvent (usually water) in a volumetric flask, diluted with it to volume 
(V, ml), and a certain volume (V, ml) is taken for tho titration with 
a pipette. In this case 


i BaVe 
Nar V,\VE, 


Ezample 1. A portion of pure sodium oxalate Na,C,O, dried at 
105-110 °C weighing 0.2712 g is dissolved in water. On adding IH,S0O,, 
the solution is titrated with 39.88 ml of the KMnO, solution. Calculate 
the normality of the latter. 

In Table 14, we find: 


ENaoC20, = 67 000; log E, = 82 607 
log g, = log 271.2 = 43 329 

1 — log V = 1 — log 39.88 = 39 924 

1 — log E, = 1 — log 67 000 = 17 393 


log N,, = 00 646; V, = 0.1015 


If the normality of a solution (,) is determined according to 
another solution of known normality (N.), then V, ml of the former 
is titrated with the latter. Suppose V, ml of tho latter solution is 
used in the titration. Then 


VN, = VN 
Ve 
NS Nay 


Example 2. The normality of the NaOH solution (,) is established 
according to 0.09854N HCl solution. For the titration of 20.00 ml of 
the former, 21.12 ml of the latter are used. Calculate the normality 
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of the NaOH solution 


Ny, 009854 x 24.42 

—?°weae oo SS - 
20.00 

log 0.09854 = 99 362 


log 21.12 = 32 469 
41 — log 20.00 = 69 897 


log V, = 01 728; N, = 0.1044 


In practice, the concentration of the titrant (7,,,, titre of the 


solution according to the substance being determined) is very 
often expressed in the amount (in mg or g) of the substance being 
determined that titrates 1 ml of the 7,. solution. Knowing the normal- 
ity of the solution, it is easy to find its titre by the following formula 
relative to any substance being determined: 7, = N,E,. (Ex, can 


be found in Table 14). For example, the titre of 0.1023V KMnO, 
solution relative to iron is Tyn0z/Fe = N.Eye = 0.1023 X 
X 55.847 mg/ml; its titre relative to iron oxide is Ty,o- /Fe,03 = 
= NsEFen03 = 0.1023 X 79.846, etc. The percentage of the substance 
being determined is 

pa VNsExX 100 _ VT sex 100 % 

8 g 

where g and 7,,, are expressed in the same units. 


If a titre of a solution relative to a substance is known and if it is 
necessary to find its normality or titre relative to another substance, 
the following formulas can be used: 


Wed ot ae — fn 
Eq Ey Zn, 


hence 


T T 
Ty=T Fy Eyp=NEp= os. nae oa En 


Ezample 3. The titre of the KMn0O, solution relative to Fe is 
7.005483 g/ml. Find the normality of this solution and its titre relative 
0 Cr, 


ee 
N= S108 yen pro = 208 0.005483 = 73 902 
() 4 
1— log Epo = 1— log 55.847 = 25 300 
Tog N= 99 202 
N = 0.09818 


Tynoz/reEcr 
il ih ee 
Fe 


Panoz) Cr = 


? 
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4—log Eye = 1—log 55.85 = 25 300 
log Ecr = log 17.332 = 23 885 


B. Determination of the Percentage of the Unknown 
Component in a Test 


Example 1, To determine the Na,CO, content in a soda melt, a por- 
tion of it weighing 1.:00 g is dissolved in water and the solution 
obtained is titrated with 0.5012N H,SO, solution in the presence of 
a bromophenol blue indicator. What is the percentage of Na,CO, if 
35.00 ae of the acid are used in the titration? 

Using Table 14 (see A, Acid-Base Titration), we find that Eyaoco, 


with a bromophenol blue indicator, is 52.995, log E = 72 423. 
log V = log 35.00 = 54 407 
log N, = log 0.5012 = 70 001 
log E, = log 52.995 = 72 423 
1 — log g = 1 — log 1.100 = 95 864 
log z = 92 692; x = 84.51% 
Example 2, Using the same data as in Example 1, find the percenta- 
ge of CO, in the soda melt. 
The solution remains the same, but instead of ENasCO3! we find 
Eco, = 22.005; log E = 34 252 in Table 14. 
Summing up: 
log V = 54 407 
log WV, = 69 897 
log E, = 34 252 
1 — log g = 95 864 


log z = 54 417; z = 35.01% 

Example 3. Calculate the percentage of Fe in a sample of iron ore 
if on dissolving a portion of the ore weighing 0.7872 g and reducin 
Fe by metallic Zn, 47.24 ml of 0.1105N KMnO, solution were use 
in titration. 

From Table 14 (see B, Ozxidation-Reduction Methods) we have: 
Lye = 55.85; log E = 74702. Addition gives 

log V = log 47.24 = 67 434 

log N, = log 0.1105 = 04 336 

log E,, = log 55.847 = 74 700 

1 — log g = 1 — log 0.7872 = 10 394 


log z = 56 858; z = 37.03% 
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Example 4. To determine Mn in steel b i 

az 1. T , y the bismuthate method, 
a eon weighing 1.1452 g is dissolved in HNOs. In the pate 
Th pines Mn is oxidized with sodium bismuthate NaBiOs to HMnQ,. 
beta is determined by the addition of 40.00 ml of 0.02842N 
KM ne of Mohr’s salt and a back titration with 13.50 ml of 0.03012 

e 4 Solution. Find the percentage of Mn in the solution. 

a ince the product VN gives the number of mg-equiv of any sub- 
Neary is expedient to perform tho calculation by the following 


_ VaNa—VoNn) Bx-100 4, 
= 0 
g 
where V, and N, = volume and normality of the solution of Mohr’s 
salt, respectively 
and V, and = volume and normality of the KMnO, solution. 


In Table 14 find that in determining manganesa by the bisrau- 
thate method, E,, = Eyp = 10.9876; log E, = 04090. 


We have: 


N b 
we 


VaNq = 40.00 x 0.02842 = 1.1368 mg-equiv 
VyNy, = 18.50 X 0.03012 = 0.4066 mg-equiv 
= 1.1368 — 0.4066 = 0.7302 mg-equiv 
log 0.7302 = 86 344 
log Exygn == 04 090 
4 — log 1.1452 = 94 410 
log z = 84 544; z= 0.70% 


Ezample 5. How much of the KMn0O, solution of the same concen- 
tration would be used in the titration of a portion weighing 1.1452 g 
of the samo steel (see Example 4) if Mn was determined not by the 
bismuthate method, but by: Volhard’s method? 


3 Nees : 


Here g is the weighed portion expressed in milligrams. 


In Table 14, we find that, when Mn is determined by Volhard’s 
Method, Ey, is 16.4814, log E = 21 699. 


0.79 . VX.0.08012 x 16.4814x 100 -y__0.70 x 1145.2__ 
71452 * ~~~ 0.08042 x 16.4814 x 100 


log 0.70 = 84 510 
log 1145.2 = 05 889 
4 — log 0.03012 = 52 115 
4 — log 16.4814 = 78 304 
log V = 20 815; V = 16.15 ml 
30* 
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Table 16 


Caleulation of the Results of Gas 
and Gasometric Analyses 


Here are examples of calculations made according to the formulas 
given on p. 4136. ; 

Example 1. The volume of gas (V), measured over water, is 25.6 ml. 
The temperature of gas t= 22.8°C. Barometer reading P; = 
= 720.4 mm Hg. The temperature of air, measured near the barometer, 
“ = 22.4°C. Bring the volume of- gas to standard conditions. 

First of all, the barometer reading is corrected. 

To bring it to 0°C, we should subtract t’/8 mm from it. Then, since 
the gas is collected over water, its pressure in the vessel is less than 
the pressure of the surrounding air by the value of P, which is the 
water vapour pressure at ¢ = 22.8°C. This value must also be sub- 
tracted from the barometer reading. 

In Table 16, in the “Water” column with t = 22°C we have Pg = 
= 19.8 mm Hg, and with ¢ = 23°C, Py = 21.4 mm Hg. The dif- 
ference between them is 1.3 mm Hg. We find 0.8 of this difference: 
0.8 X 1.3 = 1.0 mm and add it to 19.8 mm Hg. It follows that Pg 
at wee is 19.8+ 1.0 = 20.8 mm Hg. 

ence, 


Po=720.4— "5 _ 20.8 = 696.8 mm Hg 
The unknown volume of gas V) = VF. To find log F, we use 
section A. 
We have: 


t, °C Py = 696 mm Hg Py, = 696.8 mm Hg Py = 697 mm Hg 
92 92 870 


22 92 807 857 
22.8 _ 92 739 — 
23 92 660 


The difference between 92 807 and 92 870 is 63. In the table of 
differences, we find 0.8 of this number and add it to 92 807, we obtain 
92 857. The difference between 92 807 and 92 660 is 147. In the table 
of differences, we find 148, which is the nearest number to it and of 
which 0.8 is 118.5, subtracting this number from 92 857 we get approxi- 
mately 92 739. 


log V = 40 824 
log F = 92 739 


log Vo = 33 563; Vo = 24.66 ~ 21.7 ml 


It should be noted that in most analytical cases there is no need 
to make a correction for decimal fractions of a millimetre of pressure 
and decimal fractions of a degree of temperature: rounding the respec- 
tive figures, we obtain results of sufficient accuracy. Thus, if we take 
Py = 21.1 mm Hg, the value corresponding to 23 °C, we would obtain 
P, = 696.5 ~ 697 mm Hg. From Table 16,A, for ¢ = 23°C and 
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P, = 697 mm Hg we would have log F = 92 723, and finally Vy = 
= 21.65 ml, which differs little from the preceding result. 
Example 2. What is the weight of 43.7 ml of NO, measured over 
28.6% KOH solution at 17°C and a barometer reading of 757 mm Het 
Suppose the temperature of mercury in the barometer is also 17° 


Po= 757 —10.2 = 745 mm Hg 


‘ The value of 10.2 mm Hg is found in Table 16,B (17 °C, KOH 
8.6%). 

The unknown mass is equal to VFp; we find log F in Table 16,A, 
and logp in Table 16,C: 


log V = log 43.7 = 64 048 
log F = 96 506 
log p = log 1.3402 = 12 717 


log x = 73 271; z = 54.0 mg 


Example 3, From 1.200 g of commercial calcium carbide, 395 ml 
of acetylene (C,H,) is obtained at 17.5°C and P,; = 755.3 mm H 
(the pressure is measured at 16 °C). The gas is collected over a saturate 
NaCl solution. Calculate the percentage of CaC, in commercial carbide. 


16 
8 
The value of 11.4 is found in Table 16,B, interpolating between 


the numbers 11.0 and 11.7. 
The unknown percentage is 


eax % 


The value of F is found in Table 16,A, and f’ in Table 16,D. 


log V = log 395 = 59 660 

log F = 96 256 

log f’ = log 2.8877 = 46 055 

1 — log g = 1 — log 1200 = 92 082 


log x = 94 053; x = 87.20% 


Example 4. In the reaction of an acid with 0.250 g of zine dust, 
79.6 ml of H, is evolved, the latter being measured over water at 
20°C and a pressure of 742 mm Hg (the temperature of mercury in the 
barometer is also 20°C). Calculate the Zn content in the zinc dust. 


P9 =759.3— 11.4=741.9 mm Hg 


Py= 1422 —17.5= 722 mm Hg 


VF f' -100 
t= ——__—_ 


9 
z % 
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log V = log 79.6 == 90 091 

log F = 94 696 

log f’ = log 2.9145 = 46 456 

1 — log g = 1 — log 250 = 60 206 


log z = 91 449; x = 82.13 = 82.1% 


The final result must not have more than three significant figures, 
since only three significant figures contain the results of weighing 
and volumetric measurement. 

In some instruinents, gas burettes are calibrated in a way that 
they directly read the percentage of the substance being determined 
if the weighed portion is constant (usually 14 g§ or 0.5 g) and if the gas 
in the burette is at a definite teraperature and pressure. But when the 
temperature and gas pressure do not coincide with those indicated 
on the burette, a corresponding recalculation must be made. 

Example 5. In determining C in steel by the combustion method 
in the O, current, the volume of CO, formed is measured with a gas 
burette of the Wirtz-Strélein instrument showing the percentage 
of C when the weighed portion of steel is 1000 g and when the tem- 
perature and gas pressure in the burette are 16°C and 760 mm Hg. 
A portion of steel weighing 1000 g is taken; the temperature and gas 
pressure are 20°C and 740 mm Hg. The burette reading is 0.52% C. 

What is the real content of C in steel? In Table 16A, we find 
log F 760,16 °c = 97 522; log Fo40,20 °c = 95 766. The first logarithm 
must be subtracted from the logarithm of the percentage of C found, 
and the second logarithm must be added to it: 

log 0.52 = 71 600 
4 — 97 522 = 02 478 


95 766 
log z = 69 844; x = 0.49% 


The difference in the values of vapour pressure over the concen- 
trated alkaline solution at different temperatures is neglected here. 
If the temperature of the measured gas deviates from 16°C only by 
several degrees, the error arising from this is not over 0.01%. 


Table 18 
Densities and Concentrations of Solutions 


In literature dealing with analytical chemistry, concentrations 
of acids and bases are expressed in different ways: (1) in terms of 
density (for example: “5 ml of hydrochloric acid with a density of 4.19 
is added”); (2) in terms of the dilution of concentrated commercial 
acids {for example: “10 ml of diluted (1 : 9) sulphuric acid is added 
to the solution”, which means that one volume of concentrated com- 
mercial sulphuric acid is diluted with nine volumes of water]; (3) in 
terms of the percentage of the reagent (for example: “2 ml of 25% 
Sas solution”) and, finally, (4) in terms of the normality of the 
solution. 
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An analyst has therefore to convert the concentrations in calcula- 
ting reagents used in the reaction on the basis of the solutions whose 
concentrations are expressed in different ways, and so forth. The 
conversion tables serve the purpose. It is the easiest to perform stoi- 
chiometric calculations if the concentrations of reagents are expressed 
in their normalities. Therefore, the tables give the normal concentra- 
tions of acid and base solutions. . ; 

Here are a few examples concerning calculations with these tables. 

Example 1. In analysing tin bronze, nitric acid with a density 
of 1.2 g/cm’ is used to dissolve it. How can tho acid be prepared from 
concentrated commercial nitric acid with a density of 1.4 g/cm’ 
without the aid of an areometer? The normality of nitric acid with 
a density of 1.200 is 6.273N (Table 18,A); it follows that one litre 
of it must contain 6.273 g-equiv. Tho normality of concentrated nitric 
acid with a density of 1.400 is 14.88; one litre of it contains 
14.88 g-equiv. The required quantity (6.273) of gram-equivalents 


x 1000 = 421.6 ml of concentrated 


volume and diluting it with water 


to i : in nitric acid whose density is 1.2. 
one litre, we obtain a ‘of an analysis, 5 ml of diluted (1 : 4) 


utral solution and then neutralized with 


of HNO, is contained in iB 


our . The norma ) ed a 
a density oft foo Ws 14.881 * and that of the diluted acid will appar- 


ently be 14.88 : 5 = 2.98N. Five RES one acid are added 

to the solution being analysed; to neutralize 10, 

Solution of the asia normality (2.984) are apperetcy aber H 
® normality of concentrated 25% ammonia solution 18 | o- 


(Table 18,1). It follows that, to neutralize ‘nitric acid, “73.32. 


i i i d. 
= 1.12 ml of concentrated ammonia solution will be used. — 
Ezample 3. A portion of rock weighing 1 g is melted in . plata 
crucible with six times as much anhydrous Na,CO,. The melt is 
leached with water and oxidized with diluted (1 : 1) hydrochloric 
acid. How many millilitres of this acid must be added to completely 
neutralize Na,CO, without the acid being too excessive 


: 6 _ 6 eee 
6g of NagCO3 contain T/aNazCOs 599945 S equlv 


or 


6000 
52.9945 
For neutralization, it is necessary to add the same quantity of 
milligram-equivalents of HCl. The normality of concentrated hydro- 


chloric acid with a density of 1.190 is 12.50N, and that of diluted 
(1 : 1) acid is consequently 6.254, i.e., 1 ml of the latter contains 


= 113.23 mg-equiv 
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6.25 mg-equiv of HCl. It follows that Na,CO, is neutralized by —— = 


= 18.42 ml of diluted (1 : 4) hydrochloric acid. If 20 ml of the acid 
are added, it would not be too excessive. 

These examples show how much easier it is to perform calculations 
when concentrations of acids and bases are expressed in their normali- 
ties. Table 18 helps convert differently expressed concentrations. 
The reliability of the table is so great that its data can be used when 
preparing titrants of acids and alkalies according to density. The 
titre of the prepared solution must nevertheless be checked by 
a weighed portion of a parent substance. Here is an example of calcula- 
tion when a titrating solution is being prepared. 

Example 4. To prepare 1N HC] titrant, an acid available in the 
laboratory is taken, its density determined with an areometer is 
equal to 1.082 g/cm’. 

From Table 18,C we have: the acid with a density of 1.080 g/cm? 
has a concentration of 4.878N and that with a density of 1.085 g/cm’, 
5.192. By interpolation, we obtain the following normality for a den- 
sity of 1.082: 


4.87842 (5.192— 4,878) =4.878-+= x 0.314 = 5.004 


It follows that one volume of the available acid must be diluted 
to 5.004 of the volume. For this purpose, we can measure out, for 
example, 200 ml of the acid with a density of 1.082, pour it into 
a one-litre volumetric flask, dilute it with water up to the volume 
and add another 0.8 ml of water (1 : 5.004 = 200 : 1000.8). 


Table 19 
Chief Acid-Base Indicators 


For volumetric-analytical titrations (acidimetry-alkalimetry me 
thods), it is necessary to select indicators that change colour in the 
pH range as little as possible. Such indicators as azolitmin, which 
changes colour at pH values from 5.0 to 8.0, are not suitable at all 
for titration. Of little use are also indicators whose colours of both 
forms lie in a spectrum too close to one another, for example, indicators 
which change their colour from red to orange, from orange or orange- 
red to yellow, from blue-violet to blu», and so forth. In recent years, 
indicators which sharply change their colours to spectrally opposite 
ones in very narrow pH limits have been synthesized; for example, 
nitrazine yellow, which changes its colour from yellow to blue-violet 
within pH 6.0-7.0, or quinoline blue, which is colourless at pH 7.0 
and violet at pH 8.0. 

The main rule in selecting an indicator for volumetric-analytical 
determinations is that the titration index pT of an indicator must be 
as close as possible to the pH of the solution at the end of titration, i.e., 
when the equivalence point is reached. The titration index pT is the pH 
at which the observer can clearly see the colour change and recognize 
titration as complete. This is a conditional value which differs for 
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different persons who perform titration. If the eye could easily detect 
the slightest change in colour, the pT would obviously coincide with 
the equivalence point. But since titration is usually completed at 
visible colour change, it can be assumed that, with dichromatic 
indicators, the pT is approximately at one-quarter of an interval from 
its corresponding limit.* With monochromatic indicators (phenol- 
phthalein, nitrophenols), the pT almost coincides with the beginning 
of the appearance of colour, provided that the indicator is used in the 
dilution at which its colour change was determined. 

For analyses of great accuracy, it is always necessary to separately 
prepare a buffer solution with a pl which coincides with the pH 
of the equivalence point and add the indicator to it, and then titrate 
the solution being analysed until its colour coincides with the colour 
of the prepared reference solution. 

When a weak acid is titrated with caustic soda, at the end of the 
titration a solution of sodium salt of the acid is formed which, as 
a result of the hydrolysis of the salt, has an alkaline reaction. Knowing 
the ionization constant of the acid, the pH of the solution formed can 
be determined and, in accordance with this pH, a suitable indicator 
can be selected. This is also true of acid titration of a weak base solu- 
tion, when a salt is formed which has an acid reaction in the solution 
as a result of hydrolysis. _ 

In hydrochloric acid titration of a salt solution of an alkali metal 
and weak acid (for example, Na,CQ;), the solution will contain, at 
the end of the titration, neutral chloride of the alkali metal and free 
weak acid, consequently having an acid reaction. Knowing the ioniza- 
tion constant of this acid, we can calculate the pli of its diluted 
solution obtained at tho ond of titration and select a suitable indicator. 
“When a strong acid is titrated with a strong alkali solution (or 
vice versa), a solution of neutral non-hydrolyzing salt with the pil 
of about 7 is obtained. But there is no need to use an indicator which 
changes its colour at. pli closo to 7, since the smallest drop of the 
titrant sharply displaces the pl! to an acid (in acid titration) or an 
alkaline region (in alkali titration). In such titrations, any peste es 
can be vised nevertheless, when titration is performed with a ae y 
diluted solution of acid or alkali (for example, 0.01) whose drop 
contains a very small amount of the titrant, the indicators showing 
colour change in the pH range of 5 to 9 should be used. 


Table 21 
Colorimetric Determination of the pH of Solutions 


For the colorimetric determination of the pH of solutions, indicators 
which change colour within a small pH range are of little use. Most 
useful are dichromatic indicators which, within a sufficiently large 

H range, show noticcable changes in shades when the pH changes 
by 0.1-0.2. Use is also made of monochromatic indicators whose 
colour becomes, as the pH changes, more or less intense while retaining 


* Some analysts believe that the pT is in the middle of the interval of the 
indicator colour change. 
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shade. In both cases, the colour is determined that the indicator assum- 
es in the test solution and in a set of standard buffer solutions having 
different pH values preliminarily found by the electrometric method. 
The pH of the test solution is equal to the pH of the buffer solution 
whose colour is the closest to that of the test solution. 

In the colorimetric determination of the pH, account must be 
taken of the following possible sources of errors which should also be 
considered when selecting an indicator. 


(a) Influence of foreign salts. Let us denote the ionization constant 


of an indicator as Kinq. Then, Ajng= 


-, where a; is tho 
. . . . . HI 

activity of the indicator anions formed as a result of dissociation, 

@y7 is the activity of its undissociated part. In the example, the 

indicator is a weak acid, and if the indicator is a base, further reason- 

ings do not change in the main. Having replaced the activities by the 

products of concentrations and activity coefficients, we obtain: 


[HI] fo _ n+ 
(I-]f: ~ Kina 
where fy is the activity coefficient of the coloured or colourless undis- 


sociated part of the indicator; /, is the activity coefficient of the 


ae anion; the corresponding concentrations are in square bra- 
ckets. 


The colour of the solution depends on the ratio za , and therefore 


the solutions having the same ratio will have the same colour. But 
will the solutions having the same ratio [HI] have the same pH? 
Let us present the above expression in the following form: 


(HY) - Qyeht 

U-] = Kinafo 
If the solutions have different ionic strength, the values of f, will 
also differ (and, to a very small extent, those of f), which can be 
neglected). With increasing ionic strength of a solution, the activity 
coefficients of ions decrease and, consequently, so does f,. When the 
colour of the solution does not change, i.e., it has the same ratio 


HI 
a , the value of a,;, must accordingly be greater: the solution will 


yield the same colour with the indicator, being more acidic. Con- 
versely, with decreasing ionic strength, f, increases, and @yz+ must 


accordingly be less when the solution has the same colour. The pH 
value of buffer solutions is determined electrometrically usually 
at the ionic strength of 0.1. If the ionic strength of a solution being 
analysed is greater than 0.1 (owing to the presence of a large amount 
of salts), the solution will have the colour which corresponds to that 
of the buffer solution with higher hydrogen-ion concentration (lower 
pH). Consequently, it is necessary to make a correction which has 
a negative value in this case. If the ionic strength of a solution being 
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analysed is less than 0.4 (the solution contains a small amount of 
salts), then with the same colour that the indicator has in the buffer 
solution, the solution will be less acidic (higher pH) and the correc- 
tion will have a positive sign. This correction is called salt correction. 
It should be noted that this correction depends not only on the ionic 
strength of a solution, but also on individual properties of tho indicator 
and the nature of ions that are present. If use is made of the indicators 
whose acidic form is a single-charge anion and whose alkaline form 
is a double-charge anion (phenolphthalein, sulphophthaleins), the 
correction will be greater than when use is made of the indicators 
whose acidic form is an undissociated molecule and its alkaline form 
is a single-charge anion (mononitrophenols). Dimethylaminoazobenze- 
ne-sulphonic acid (methyl orange) and dimethylaminoazobenzene-o- 
carboxylic acid (methyl red) cause a very small salt error owing to 
their amphoteric nature, and therefore they are mainly used in deter- 
mining the pH of solutions having a variable content of salts. If the 
ionic strength of a solution is greater than 0.1, the correction value 
is considerably influenced by the nature of salt ions (the size of ion 
radii) in a solution. ; ; ; 

(b) Influence of the buffer capacity of a solution. Indicators used 
to determine the pH of solutions are themselves acids or bases, and 
if the solution being analysed has low buffer capacity (distilled water, 
solutions of neutral salts in distilled water, solutions of very weak 
acids or bases, etc.), the indicator can sharply aun its pH. If, for 
example, 0.1 ml of 0.04% methyl red solution is added to 10 ml of 
distilled water (pH 7), then even this small quantity of the indicator 
(King = 1 X 10-5) will change the pH of the water from 7.0 to 5.0. 

In determining the pH of such low buffer capacity solutions, their 
pH will not change if we add to the solution being analysed the indica- 
tor solution having the same pH. According to Fausette and Acri,* 
such solutions of indicators are called isohydric. It has been proved 
that the pH of a solution of low buffer capacity does not change even 
if any amount of an isohydric solution of an indicator is added to it. 
This underlies the method of determining the pH of such solutions. 
A set of solutions of an indicator having different pI values is pre- 
pared and the solution being analysed is added to every one of them. 
The indicator solution that does not change its colour is isohydric 
relative to the solution being analysed. 

(c) Protein error. A number of proteins greatly affect indicators, 
making the determination of the pII in their presence impossible. 
The influence of proteins is specific and depends on the nature of the 
protein and of the indicator. Therefore, in the presence of proteins, 
the results of the colorimetric determination of the pH cannot be 
relied on, having to be verified by the electrometric method. 

(d) Other sources of errors. In the presence of colloids and sometimes 
of coarser dispersed particles, an indicator can change colour as 
a result of one of its forms (‘‘acidic” or “alkaline”) being sorbed on the 
surface of particles. The ionization constant of an indicator changes 
also at the air-liquid interface. This explains the frequently observed 
phenomenon when, in shaking a solution of an indicator, the colour 


* Ind. Eng. Chem., An. Ed., 2,78 (1930). 
3l* 
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of the foam being formed sharply differs from the colour of the solu- 
tion. When the solution contains finely-dispersed particles of another 
phase, the result of the determination of the pH must be verified by 
using two different indicators (acidic and basic) or comparing them 
with the results of the electrometric determination. 

Indicators sharply change colour at pH constant if a non-aqueous 
solvent—alcohol, acetone, etc.—is added to a solution, and also when 
the temperature changes. 


Table 40 


Standard Oxidizing Potentials Relative to the Potential 
of a Standard Hydrogen Electrode at 25 °C 


If a plate of noble metal is immersed in a solution which contains 
an oxidizing agent and the product of its reduction, there will be 
a difference of potentials between the plate and the solution, which 
is called the ozidizing potential of a given system. 

1. For the system 


oxidizing agent 4- ne = reducing agent 


the oxidizing potential relative to the st tential 
is expressed by the formula ataliddrd-hydtogent pe 


a RT a 
Es B04 yp 20x 
+ nF In Red 


(where A = gas constant, 7 == absolute tem eratu a solution, 
n = number of electrons which in the given Agha the transi- 
tion from a reducing agent to an oxidizing agent, / = faraday con- 
stant = 96,500 coulombs, aox and apeg = ion activities of oxidizing 
and reducing agents in a solution). Naving replaced natural loga- 
rithms with common logarithms and having substituted all values 
of constants in the equation, we obtain for ¢ = 25°C: 


E= £0 + 9-0594 log 20x_ 
n @Red 


__ lf ox = @pea, then E = £°, The standard potential is the poten- 
tial of the electrode immersed in a solution which contains both forms 
(oxidized and reduced) having equal activities. 


2. If an oxidizing agent is reduced with the participation of hydro- 
gen ions 


Ox + mH* + ne = Red + gH,0 
then 
RT doxar+ 
=f0 _—_ >>. 
E=£0+ iF In aa 


In this case, the standard potential is the potential of the electrode 
immersed in a solution containing both forms (oxidized and reduced) 
having equal activities, and also, hydrogen ions whose activity is equal 


to unity. This applies, for example, to such systems as 


MnO; + 8H+ + 5e = Mn** -+ 4H,0 
or 
VOs + 4H+ + e = VO?+ + 2H,0 
3. When the potential between the metal and the solution of its 
salt is being determined, i.e., of the systems Me™+ + ne == Me (for 
example, Zn?+ + 2e = Zn), and the activity of the solid phase is 
taken as unity, then 


RT 
B= B+ lina ne 


In this caso, E = E°, when ay;on+ = 1. Here, the standard poten- 
tial is the potential between the metal and the solution of its salt, 
when the activity of the metal ions ee ubity. 

4, When one or the two forms (oxidized and reduced) are sparingly 
soluble solids or complex compounds, the number of ions formed in 
the solution will be very insignificant. Let us take, for example, the 
system 

AgCl + e = Ag + Cl- 
For it 


RT 


The value of a,,,, the activity of silver ions in the solution, is 


very small and depends on the solubility product of silver chloride 
Pagc) and on the activity of chloride-ions in the solution: 


@4 9+ =SPapci/agj- 


If the activity of chloride ions equals unity, the right-hand part 
of the equation for the potential will assume the form: 


RT , 
Pe agt, Agt F In SPagci = Agel, Ag 


The quantity EXeci, ag is called the standard (“observed”) poten- 


tial of AgCl/Ag system. It can be defined as the potential which is 
formed in the system containing solids or complex compounds in which 
all ions participating in the process, except elementary ions that are 
separated by precipitates or complezes, have an activity equal to unity. 
_ The aforementioned equation can be used to calculate the solubil- 
ity produce: of sparingly soluble substances by the measured values 
of the oxidizing potentials. 

Here is another example of the formation of a complex compound. 
For the system 


Ag(CN)z + e = Ag -|- 2CN- 
we also have 


RT 
Fags, Ag > EA gt, Agt F- ln Bape 
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eye Bs CN) 
depends on the stability of the complex Ag( ')s 
bias Woe by the dissociation constant K ag¢cny> = 


— TAg+GNn- . If the solution being examined contains free ions CN 
@ ag(CN)z ; . te 
and tastes ions Ag(CN)z in concentrations whereby their activities 

equal unity, then 


=a 
e Ag(CN)z -A8* 
and 


, 


RT 
5 Balan =E 
Ee agt, Agt F In Bene Ag(CN)2, Ag 
. . . f 
imilar formulas are used to find the dissociation constants 0 
camptees by the data of potentiometric determinations. The table 
gives several such standard (“observed”) potentials of the systems 
containing precipitates and soluble complex compounds, 
j . < If, in the aforementioned oxidation-reduction system, one of 
fle forms is a gaseous substance, the act) vity of thia substance will 


ns which are formed when 
Ctivity of unity in the solu- 


The equation of the potential E = Fo 4 ne 


activities of o 
It follows that 


if the salt composition of t ‘Oni 
to it are different. The not © 1onic strength related 


ential of, say, the System Cet+ 4 ¢ z Ce3+ is 


RT Qcoay 
Fcett, cos = Etet+, cost + in ee 


a 
— Fo RT \Cet+y 7 
= ECess, Ce3+ + aa ln [Cet] Fe 


where f, and f, are the activity coefficients of four- and three- 
Ce ions. As the ionic strength of a solution increases, /, will fiat 
considerably faster than f 


and, consequently, the value of EF will 
drop. This must always be horne in maine when using oxidation poten 
tials in calculations and reasonings connected wi 


vith variou 
of analytical chemistry, where solutions with a h S problems 


are usually used igh ionic strength 


The table gives the potentials of various elements having different 
valence; the potentials of the direct transition from the highest valence 
to the lowest one (for example, V’-V"), and several potentials of the 

tee 1 yvV-yIV. Vv -yill, Vivi), 
stage-by-stage transition (for example, : . 
These potentials are interconnected by the so-called Luther rule 
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which states that if an element exists in three degrees of valence m, 
n and p, and m>>n> p, then: 


(m— p) Et, p=(m—n) ED, a t+(n—p)Eh yp 


where EY}, 5» Em, n and E}, , are the standard potentials of transi- 
tions from valence m to valence p, from m to n and from nr to p. For 
example, Fe exists in the form of ions Fe*+ (valence of 3) and Fe** 
(valence of 2), and in the form of metal (valence of 0). According to 


Luther's rule 
SE tyat, Ie ae Eea+, Feet t 2B ett, Fe 


A number of potentials which aro vory difficult or even impossible 
to determine experimentally were calculated by Luther's formula. 


Index 


Acetic acid 352 ; 
density and concentration 
of solutions 169, 174 
Acetone 332 
Acetylacetone 322 
Acid Alizarin Red V 226 
Acid Chrome Black Special 222, 
228, 230, 326 
Acid Chrome Blue K 222 
fea Dark Green G 222, 
Acid-base titration, calculation 
of results 123 
Acidimetry 
calculation of results 123 
indicators 472 
Acids 
density and concentration 
of solutions 160, 174 
ionization constants 274 
Acridine 209 
Acridine orange base 242 
Activity 
hydrogen ions, recalculated 
for the pH 252 
ion coefficients 147 
upon a high ionic strength 
of a solution 120 
Alberone 223, 360 
Alizarin 360 
Alizarin Blue BS 196 
Alizarin Red S 184, 194, 246, 
222, 360 
Alizarin S 184, 325, 331, 360 
Alizarir Yellow GG 195 
Alizarin Yellow R 181, 195, 203 
Alizarin Yellow RS 4195 
Alkalimetry | 
calculation of results 123 
indicators 472 
Aluminon 321, 362 
e-Aminobenzoic acid 362 
p-vminodimethylamine 329 


B-Aminonaphthalide of thiogly- 
colic acid 394 
Ammonia . 
density and concentration of 
solutions 172, 174 
use as a reagent 324, 327 
Ammonium (sodium) molybdate 
321, 328, 329 ae 
Ammonium rhodanide 324, 327 
Amperometric titration 408 
with two indicator electro- 
des 426 
Amyl acetate 332 
Amy] alcohol 332 
Analytical cation groups 30 
Analytical multipliers 70, 460 
Aniline 332 
Anthranilic acid 362 
Antilogarithms 456 
APANS 248, 396 
Arsasene 362 
Arsenazo 324 
Arsenazo I 224, 334, 362 
Arsenazo II] 323, 32% 328, 334, 


Atomic weights 17, 31 

Aurion 189 

Aurine tricarboxylic acid, 
ammonia salt 362 

Avoirdupois weight 446 

Azo-azoxy BN 323, 364 


Barbituric acid 323 

Base ionization constants 274, 

Bathophenanthroline 364 

Bengali pink 246 

Benzene 332 

Benzene azodiphenylamine 178 

Benzene-2'-arsonic acid-(1’-az0- | 
eed rertaalae 

0-7 )- jioxynaphthalene- 

3,6-disulphonic acid 362 


Benzene-2’-arsonic acid-(1’/- 
azo-2)-1,8-dioxynaphthalene- 
3,6-disulphonic acid, disodium 
salt 362 
Benzene-2’-arsonic acid-(4’-azo- 
1)-2-hydroxynaphthalene-3,6- 
disulphonic acid, trisodium 
salt 396 
Benzidine 224, 323 
Benzoflavin 204 
a-Benzoin oxime 324, 364 
Benzopurpurine 4B 181, 197 
5,6-Benzoquinoline 382 
Benzyl alcohol 332 
a-Benzyl dioxime 364 
Benzyl orange 181 
Beryllon II 224, 322, 364 
Bis-4,4’-[6-methylbenzothiazol- 
(1,3)]-diazoaminobenzene- 
2,2’-sodium disulphonate 396 
Bismuthol II 330, 380 
Bis-[2,7-(4-nitro-2-sulpho-1-azo- 
benzene) ]-1,8-dioxynaphthale- 
ne-3,6-disulphonic acid 384 
Bis-(4-hydroxy-3-methoxyci nna- 
moyl)-methane 370 
Bis-salicylalethylenediamine 366 
BPR 224 
Brilliant green 322, 330, 366 
Bromatometry, calculation of re- 
sults 125 
Bromobenzothiazo 366 
Bromochlorophenol blue 183 
Bromocresol blue 184, 201, 216 
Bromocresol green 184, 216 
Bromocresol purple 187, 202 
ionization constant 224 

Bromophenol blue 183, 216 
ionization constant 200 
salt correction 199 

Bromophenol red 187 

Bromopyrogallol red 224 

Bromothymol bluo 188, 203 

ionization constant 200 
salt correction 199 

Brucine 327, 366 x 

Buffer capacity of solutions 475 

Buffer solutions 253 

acetic-acetate ones 262 
from individual substances 


universal ones 263 
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Butanol 332 

Butter yellow 182 
Butyl acetate 332 
Butyl cellosolve 332 
Butylamine 332 


Cadion 323, 366 
Cadion C 366 
Calcein 226, 232 
Calces 226, 242 
Calcion 226 
Calcon 226 
Calculation 
results of gas and_ gaso- 
metric analyses 468 
results of volumetric-analy- 
tical determination 462 
rules of performance\14 
Calibration of glassware 424 
Calomel electrodes, potentials 272 
Captax 380 
Carbon disulphide 332 
Carbon tetrachloride 332 
Carboxyarsenazo 368 
p-Carboxygallanilide 330, 368 
Carminic acid 322, 368 
Caustic potash, density and con- 
centration of solutions 169 
Caustic soda, density and con- 
centration of solutions 174 
coemeny calculation of results 
1 


Chalcone 226 

Chelaton 3, 368 

Chlorobenzene 332 

Chloroform 332 

Chlorophenol red 186, 199, 204 

ionization constant 200 

Chromatometry, calculation of re- 
sults 125 

Chrome Black Special ET 00 
228, 230 

Chromoazurol C 228 

cameron Black Special ET 00 


coremotropic acid 208, 324, 330, 


Chromoxane Green GG 228 
Chromoxane pure blue BLD 360 
Chrysoidine 185 

Chrysoin 196 

Chugaev's reagent 374 
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Coefficients of ion activity 117, 
420 

Colours corresponding to the spec- 
tral wavelengths 320 

Complexes, instability constants 
283 

Complexing methods, 
tion of results 129 

Complexing reactions 463 

Complexone III 130, 132, 322, 
368 


calcula- 


Concentration of solutions 159, 
47 


Congo red 183, 217 
Constants 

instability of complexes 283 

ionization of acids and bases 

274 

ionization of indicators 200 

Conversion factors for gravi- 
metric analysis 70 

Corallinophthalein 189 
Coraline yellow 189 
Coumarin 242 
o-Cresol indophenol 317 
m-Cresol purple 179, 194 
Cresol red 177, 190, 202 
o-Cresolphthalein 192 
Cresolphthalexone 242 
m-Cresolsulphophthalein 179 
o-Cresolsulphophthalein 177, 190 
Cupferron 325, 370 

use in extraction 343 
Cuproin 374 
Cupron 364 
Curcumin 192, 195, 322, 370 
Cyanine 190 
Cyclohexane diondioxime-1,2 370 
Cyclohexanol 332 
Cyclohexanone 332 


Davies’ formula 120 
Decahydronaphthalene 332 
Decalin 332 
Density 
gases and vapours 156 
solutions 160, 470 
Diacetyl dioxime 374 
Diallyldithiocarbamidohydrazi- 
ne 370 
Diamine green 243 
3,3’-Diaminobenzidine 329, 372 


Diaminophenothiazine 317 

4,4'-Diaminostilben-(N,N,N’,N’- 
tetracarboxymethy])-2,2’-disul- 
phonic acid 392 

o-Dianisidine 315 

Diantipyryl methane 372 

4",4-Diazoamino-1 ,1'-azobenzenc- 
4"-nitrobenzene arsonic 
acid-2” 362 

Dibenzoyl methane 331 

Dibromine-o-cresol sulphophtha- 
lein 187 

2,6-Dibromobenzene indophenol 
316 


Dibromophenolsulphophthalein 
187 : 
Dibromothymolsulphophthalein 

188 


3’ ,6’-Dichloro-2,4,5,7-tetrabro- 
mofluorescein 206 ; 

3’ ,6’-Dichloro-2,4,5,7-tetraio- 
dofluorescein 206, 216 

o-Dichlorobenzene 334 : 

ey prehlorscbromotnopi acid 


72 
Dichloroethane 334 
3,6-Dichlorofluorescein 217 
zi entoropneas) indophenol 


Pichloropbericlsntphophuigle” 
6 


Dichlorosulphodimethyloxyfuch- 
sone dicarboxylic acid 360 
2,3-Dicyanhydroquinone 214 
Diethyl ether 334, 347 
Diisopropyl ether 334 
Dimethy] fluorone 330, 372 
Dimethyl glyoxime 325, 327, 374 
p-Dimethylaminobenzylidene rho- 
danine 324, 372 
p-Dimethylaminophenyl fluorone 


N,N’-Dimethylbiacridine 214 
Dimethylnaphtheirhodine 208 
3,3'-Dimethylnaphthidine 230 
5,6-Dimethyl-1 ,10-phenanthro- 
line 3415 
3,3’-Dinitro-4,4’-bis-(4”-hydro- 
xybenzene-azo)-biphenyl! 386 
a-Dinitrophenol (2,4-dinitrophe- 
nol) 182 
ionization constant 200 


B-Dinitrophenol (2,6-dinitrophe- 
nol) 182 


ionization constant 200 
y-Dinitrophenol (2,5-dinitrophe- 
nol) 185 
ionization constant 200 
1,4-Dioxane 334 
1,2-Dioxyanthraquinone 360 
1,2-Dioxyanthraquinone-3-sul- 
phonic acid, sodium salt 360 
2,2-Dioxybenzylidene aniline 390 
1,8-Dioxy-2,7-dichloronaphthale- 
ne-3,6-disulphonic acid 372 
1,8-Dioxynaphthalene-3,6-disul- 
phonic acid, disodium salt 368 
3,6-Dioxyphthalimide 210 
Diphenyl benzidine 316 
Diphenyl carbazide 323, 324, 
374 


z-Diphenyl dioxime 364 

Diphenyl orange 184 

Diphenylamine 316 

Diphenylamine sulphonate 316 

Diphenylcarbazone 217, 230, 
374 


1,5-Diphenylcarbohydrazide 374 

Diphenylthiocarbazone 376 

1,4-Diphenyl-(3,5-endoanyl)-di- 
hydro-1,2,4-triazol 384 : 

4,7-Diphenyl-1 ,10-phenanthroli- 
ne 364 . 

4g Dipheny lt c-propanedione 
34 


Dithiol 326, 329, 331, 376 

Dithioxamide 390 

Dithizone 230, 321-328, 331, 376 
use for extraction 336 

DMN 230 

Drying 358 


EDTA 130, 368 
Electrode potentials, determina- 
tion 265 
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Electrodes 
calomel 272 
mercury, drop 403 
overvoltage of hydrogen and 
oxygen 442 
quinhydrone 270, 272 
reference 
standard, hydrogen 266 
Electron layers of cations 30 
Eosin 207, 218 
Equivalent 462 
Equivalence point 473 
Erio R 226 
Eriochrome Black T 222, 230 
Eriochrome Blue-Black B 230 
Ei cenrome Blue-Black R 


Eriochrome Cyanine R 232, 321, 
322, 376 

Eriochrome Red B 232 

Eriochrome Red RE 226 

Eriochromazurol S 228 

Errors, relative 44 

Erythrosine 207, 218 

Esculin 205 

Ethanol 334 

Ethanolamine 334 

4-Ethoxyacridone 205 

p-Ethoxychrysoidine 345 

Ethyl acetate 334 

Ethyl!-bis-(2,4-dinitrophenyl)-ace- 
tate 194 

Ethyl ether 334 ; 

Ethyl ether, diethylamino-o-car- 
boxyphenylxanthenyl chloride 


390 
Ethylene dichloride 334 
Ethylene glycol 334 
Ethylene glycol mono-n-butyl 
ether 332 
Ethylene 
ether 334 
Ethylenediaminetetraacetic acid 


glycol monomethyl 


Euchrysine 3R 242 
Extraction 336 


Ferroin 315 

Ferron 325 

Flame photometry 445 
Fluorescein 209, 218 
Fluorescein complexone 232 
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Fluorexone 226, 232 
Fuchsin 2418 

Furfurol 334 

o@-Furfuryl dioxime 327, 376 


Gallion 376 

Gallocyanine 378 

Gas analysis, calculation of re- 

sults 136, 468 

Gases 

bringing the volume to stan- 
dard conditions 138 

density 156 
drying 358 

Gasometric analysis 158 
eoreuletion of results 136, 


GBHA 234 

Glycerin 334 

Glycinthymol blue 234 

Glyoxal-bis-(2-oxyanil) 234 

Gold yellow 196 

Gram-equivalent 463 

Gravimetric analysis, conversion 
factors 70, 464 

Gravimetric form 70 

G-salt 214 

GTB 234 


Helianthine B 182 
Hematoxylin 186, 234, 329 
Hemp-like datisca (extract) 378 
Hexane 334 
Hexanitrodiphenylamine 374 
Hexone 334 
HHSNN 226 
Hydrobromic acid 
density and concentration of 
solutions 174 
use for extraction 346 
use aS a reagent 322 
Hydrochloric aci 
density and concentration 
of solutions 164, 174 
ase aS a reagent 322, 325 
use for extraction 346 
Hydrofluoric acid 
density and concentration 
of solutions 174 
Hydrogen exponent, see pH 
Hydrogen, overvoltage on the 
electrode 442 


Hydrogen peroxide 327, 330 
Hydroiodic acid . 
density and concentration 
of solutions 174 
use for extraction 346 
Hydrone II 223 
Hydroxocomplexes 273 
o-Hydroxybenzoic acid 390 
2-Hydroxy-3-chloro-5-nitroben- 
zene-(1-az0-2')-1’-hydroxy-8’- 
naphthylamine-3’ ,6’-disulpho- 
nic acid 376 
Hydroxyhydroquinone pink 234 
Hydroxyhydroquinone sulphoph- 
thalein 234 
2-Hydroxy-5-methylazobenzene- 
4'-sulphonic acid 396 
Tor ty asaerny coumner 


2-[2’-Hydroxynaphthalenc-(1”- 
azo-2)-phenylazoxy]-4-methyl- 
phenol 364 

Hydroxyquinoline (o-Hydroxy- 
quinoline) 324, 325-327, 378 

use in extraction 344 

2-Hydroxy-3-sulpho-5-chloroben- 
zene-4-azobarbituric acid 380 

Hygrostats, preparation 359 


Ilyinsky's reagent 384 

Indicators 
acid-base 176, 472 
adsorption 216 
chemiluminescent 2414 
complexonometric 224 
dichromatic 200, 473 
fluorescent 204 
ionization constants 200 
isohydric solutions 475 
mixed 204 
monochromatic 200 
oxidation-reduction 344 
salt correction 199 
universal 203 

Indigo carmine 197, 204, 348 

Indigosulphonic acids 348 

Todeosine 485 


opometry, calculation of results 
oD 


7-Iodo-8-quinolinol-5-sulphonic 
acid 325 e 


Ion mobility 299 

Ion radii 22 

Ionic product of water 198 

Tonic strength 117, 120, 
200, 314, 316, 474, 475 

Isoamyl acetate 332 

Isoamyl alcohol 332 

Isopropanol 334 

Isopropy] ether 334 


199, 


Lacmoid 185 
Lauth's violet 317 
Linear measures 446 
Liquid measures 446 
Liquids, drying 330 
Logarithms 448 
Lophine 214 
Lucigenin 215 
Luminol 215 
Lumogallion 378 
Lumomagneson 380 
Luther’s rule 478 


Magneson CS 234, 380 

Malachite green 178, 196 

Measures, comparison with met- 
ric measures 446 

Mercaptobenzothiazole 380 

5-Mercapto-3-phenyl-2-thio-1 ,3- 
4-thiodiazolone (mercaptophe- 
nylthiothiodiazolone) 380 

ee cep canarias 324, 327, 
328, 380 


Metallphthalein 236, 242 
Methanol 334 

Methanyl yellow 178 

Methyl cellosolve 334 
1-Methyl-3,4-dimercaptobenzene 


376 

Methyl ethyl ketone 334 

Methyl green 177 

Methyl isobutyl ketone 334 

Methyl orange 182 
ionization constant 200 
salt correction 199 

Methyl red 185, 200, 204 
ionization constant 200 
salt correction 199 

Methyl violet 176, 178, 181, 322, 

Methyl yellow 178, 204 


9, : 
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Methylaurin 4189 

Methylene blue 201, 202, 317, 322 

Methylthymol blue 236 

B-Methylumbelliferone (4-methy- 
lumbelliferone) 204, 209 

Milligram-equivalent 463 

Mimosa 396 

Molecular weights 34 

Monochlorobenzene 332 

Morin 211, 238, 324, 330, 382 

Mordant yellow 4195 

MTB 236 

Murexide 238, 323, 382 


Naphtharsone 396 
Naphthin 382 
Naphthionic acid 243 
B-Naphthol (2-naphthol) 210 
B-Naphthol violet 195 
Naphthol yellow 238 
2-Naphthol-(4-azo-2’)-4’-chlo- 
rophenol-6/-sodium sulphona- 
te 380 
a-Naphtholbenzoin 176, 193 
a-Naphtholphthalein 191, 202 
B-Naphthoquinoline 209, 382 
a-Naphthyl red 184 
a-Naphthylamine (4-naphthyla- 
mine) 208, 243 
B-Naphthylamine  (2-naphthy- 
lamine) 207 
1,5-Naphthylaminosulphamide 
205 


Naphthylazoxine 238 
Nessler’s reagent 327 
Neutralization reactions 463 
Neutral red 189, 202, 349 
Nickelon 364 
Nile blue 194 
Nioxime 370 
Nitrazine yellow 188 
Nitric acid 
density and concentration of 
Solutions 160, 17 
use for extraction 346 
Nitrobenzene 334 
”-Nitrobenzene-(1”,4)-diazoami- 
no-(1-azo-1’)-benzene-2’-arso- 
ne-4’-sodium sulphate 392 
Nitrochromoazo 384 
Nitroferroin 344 
Nitron 384 
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-Nitrophenol 190 
PN atation constant 200 
o-Nitrophenol 187 
p-Nitrophenol 188 

jonization constant 200 

Nitro-o-phenanthroline 314 
p-Nitrophenyl-azoaminobenzene- 

p-azobenzene 366 
4-(p-Nitrophenyl)-3-methy]-4- 

nitropyrazolone-5 386 
a-Nitroso-B-naphthol 323, 384 
B-Nitroso-a-naphthol 324, 384 
4-Nitroso-2-naphthol-3,6-disul- 

phonic acid, disodium salt 386 
N-Nitrosophenylhydroxylamine, 

ammonium salt 370 
Nitroso-R-salt 324, 386 
Normality of solutions 462 


Octane 334 

Orange G 197 

Orange III 182 

Orange IV 184 

oye compounds, separation 


Organic reagents 360 
Overvoltage of hydrogen and oxy- 
gen 442 
Oxidation-reduction 
methods, calculations of re- 
sults 125 
reactions 463 
Oxidizing agents 125 
Oxine 378 
Oxygen, overvoltage on the elec- 
trode 442 


Palatine chrome green 222 
PAN 238, 324, 334 
PAR 240, 327, 330 
Paton-Reeder Dye 226, 242 
Pentamethoxy red 180 
ionization constant 200 
Pentaoxy red 180 
3,5,7,2',4’-Pentaoxyflavon 211, 
382 


Perchloric acid, density and con- 
centration of solutions 167, 
475 

Permanganatometry, calculation 
of results 125 


pH poe 
colorimetric determination 
99 


electrometric determination 
269 

evaluated in terms of the 
activity of hydrogen ions 
252 


precipitation of metal hyd- 
roxides 273 
4,10-Phenanthroline 315, 325, 386 
Phenazo 386 : 
2,4-Phenol disulphonic acid 327 
Phenol red 189, 202 
ionization constant 200 
salt correction 199 
Phenolphthalein 193, 202, 203 
salt correction 199 
Phenolsulphophthalein 189 
Phenosafranine 219, 349 
N-Phenyl-anthranilic acid 314 
Phenylarsonic acid 384 
2-Phenylcarboxylic acid-(1-az0- 
2’)-1',8’-diox ynaphthalene- 
3’,6’-disulphonic acid-(7’-az0- 
1”)-2"-phenylarsonic acid 368 
Phenylfluorone 330, 384 
§-Bhenyl-2,3,7-trloxyfuorone-6 


Phloxine 206 d 

Phosphoric acid, density am! 
era of solutions 169, 
7 


Photometric methods of determi- 
ning ions 324 
Phthalein complexone 236, 242: 


Phthalein purple 242 

Picric acid 177 

Picrolonic acid 386 

Vlumbone 246, 392 

2,2'-Potassium bicinchonine 386 

Potassium iodide 322, 328 

Potentials 2 
calomel electrode 274, 27 
decomposition 445 5 
electrode, determination 26 
ionic, cations 30 
ionization 27 3 
polarographic half-waves on 
quinhyorone electrode 2795 


Potentials 
reference electrodes 268 
standard oxidizing 300, 476 
Precipitation 
methods, calculation of re- 
sults 129 
Protein error 334 
Propanol 334 
Purpurin 388 
Pyridine 323, 324, 329, 334 
1-(2-Pyridylazo)-naphthol-2 240 
4-(2-Pyridylazo)-resorcinol 240 
Eyroe ents sulphophthalein 


Pyrocatechin violct 242, 330 
Pyrogallol 327, 330, 388 
Pyrogallol red 244 


Quercetin 330, 334 

Quinaldic acid 388 

Quinaldine red, ionization con- 
stant 200 

Quinalizarin 322, 331, 388 

Quinhydrone electrode, standard 
potential 270, 272 

Quinic acid 209 

Quinine 209, 212 

a@-Quinoline carboxylic acid 388 


Radioactive elements 21 


Reagents 
density and concentration 
174 


masking 132, 345 

organic 360 
Resorcin yellow 196 
Rhodamine B 322, 388 
Rhodamine S 388 
Rhodamine 6G 219, 390 
Rhodanine 321 
Rosaniline 323 
Rosolic acid 189 
R-salt 244 
Rubeanic acid 390 
Rules 

calculation 11 

Luther’s 478 


Safranine T 318, 329 
Salt correction 

of indicators 199 
Salicyl yellow 195 
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Salicylal-o-aminophenol 390 

Salicylaldoxime 327, 390 

Salicylic acid 206, 325, 390 

Separation of organic compo- 
unds 347 

eoutuas alizarin sulphonate 184, 


Sodium carbonate, density and 
concentration of solutions 173 
Sodium diethyldithiocarbamate 
321, 390 . 
use in extraction 327 
Sodium ethylenediaminetetraa- 
cetate 130, 368 
Sodium indigo disulphonate 197 
Sodium sulphosalicylate 392 
Sodium tetraphenylborate 392 
Solubility 
in organic solvents 100 
in water 77 
Solubility product 105 
conversion of the pH 252 
Solutions 
absorbing, vapour pressure 
155 


buffer capacity 475 
concentration 470 
density 470 
ionic strength 120 
normality 462 
titre 463 
Solvents 332 
SPADNS 246, 325, 334 
Spectrum wavelengths 320 
SS-acid 213 
piandard oxidizing potentials 


Standard sieves 402 

Stilbazo 321, 392 

Stilben-2-2’-disulphonic acid-4, 
4'-bis-(azo-1")-2”,4”-dioxyben- 
zene, diammonium salt 392 

Stilbexone 392 

ipo emetic multipliers 70, 


Sulphanilic acid 323 

Sulpharsasene 246, 328, 392 

Sulphonazo 246, 394 

Sulphon-bis-4-hydroxyphenyl-(3- 
azo-2’)-1’-hydroxy-8’-amino- 
naphthalene-3’ ,6’-disulphonic 
acid 246 
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Sulphosalicylic acid 246, 325, 330 
Sulphuric acid 334 
density and concentration of 
solutions 161, 174 


Tannin 394 
Tartrazine 2419 
Tetraaminodipheny] 372 
Tetrabromofluorescein 207 
Tetrabromophenolsulphophtha- 
lein 183 
Tetrachloride, carbon 332 
Tetraethyldiamino-o-carboxy- 
phenylxanthenyl chloride 388 
Tetraiodofluorescein 185, 207 
Tetralin 334 
1,2,8,8-Tetraoxyanthraquinone 


3,5,7,2’-Tetraoxyflavon 378 
Thiazo yellow 396 
Thioacetamide 394 
Thiocarbamide 394 
Thioglucolic acid 394 
Thionalide 394 
Thionine 317 
Thiooxine 380 
Thiourea 246, 
Thioxine 380 
Thorin 248, 396 
Thoron 248, 326, 330, 396 
Thymol blue 179, 192, 202, 203 

ionization constant 200 

. salt correction 199 

Thymolphthalein 194, 

salt correction 199 
Thymolphthalexone 248 
Thymolsulphophthalein 179 
Tin dichloride 328 
Titanium yellow 326, 396 
Titration 

amperometric 408, 426 

calculation of results 123 

index 201 

indicators 472 
Titre, establishment 
o-Tolidine 323, 396 
Toluene 334 ; ; 
8-(p-Toluene sulphamido)-qui- 

noline 396 


322, 330, 394 


202, 203 


1,3,5-Trinitrobenzene 197 
2,4,6-Trinitrophenol 4177 
2,4,6-Trinitrotuluenc 196 
1,2,% 
1,2 


,3-Trioxybenzene 388 


2,2! ,4'-Trioxy-5-chloro-(1-azo- 
1’)-benzene-3-sulphonic acid 


2,6,7-Trioxy-9-(4”-dimeth ylami- 
nophenyl)-3-fluorone 372, 

2,4,5-Triphenylglyoxaline 214 

2,4,5-Triphenylimidazol 214 

Tropeolin G 178 

Tropeolin 0 196 

Tropeolin 00 184, 203, 219 

Tropeolin 000 194 

Turpentine 334 

Tyron 248, 330 


Umbelliferone 210 
Units of energy 446 
Units of power 447 
Uranol 362 


Vanadivophosphoric acid 334 a 
Vapuur pressure over water ay 
over absorbing solutions 1 

Vapours, density 156 
Variamine Blue B 248 
Versene 368 
Victoria yellow 478 ; 
Volumetric determination 158 : 
Volumetric-analytical determ! 
nations 
calculation of results 13, 123 
indicators, selection 472 


Water 334 
ionic product 198 
vapour pressure 155 
Wolframite 334 


Xylene 334, 355 

Xylenol blue 180, 192 
Xylenol orange 250, 334 
p-Xylenol phthalein 193 30 
p-Xylenol sulphophthalein 4 


_ 


8-Tosylaminoquinoline 39 =~Zincon 250 
Trilon B 130, 368 @. T. non 396 
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OTHER BOOKS FOR YOUR LIBRARY 


COURSE o 
OF ANALYTICAL CHEMISTRY 


By A.P. Kreshkov, A.A. Yaroslavtsev 


Volume 1 
QUALITATIVE ANALY SIS 


This volume presents the principles of 
the theory, methods, and techniques of 
qualitative analysis of inorganic sub- 
stances. Attention is particularly given 
to general practical instructions and 
safety when working in analytical labo- 
ratories. The book gives methodical 
instructions in analysing mixtures of 
cations and anions. 


Volume 2 
QUANTITATIVE ANALYSIS 


This volume presents the theory and 
Practice of quantitatively analysing 
inorganic substances. A detailed de- 
scription is given of the methods of 
work, apparatus and instruments, and 
also the methods of calculating the 
analytical results. 

Volume 1 and Volume 2 are intended 
for students of chemical higher teche 
nical schools and may be used for 
training and improving the skill of 


analysts. 


OTHER BOOKS FOR YOUR LIBRARY 


PROBLEMS AND EXERCISES 
IN ORGANIC CHEMISTRY 


By A. Agronomov et al. 


A textbook by a group of lecturers in Moscow State University, 
for university undergraduates, postgraduate and research students, 
and teachers of chemistry in technical and teacher-training colleg- 
es. Consists of nine chapters, the first of which deals with the 
nomenclature of organic compounds. Each of the subsequent chapt- 
ers consists of an introduction to the key elements in the subject 
studied and rational approach to the solution of problems and a 
collection of problems and exercises with answers and solutons. 


BASIC METHODS OF ORGANIC MICROANALYSIS 
By V.A. Klimova 


This book gives a detailed description of the basic methods 
used in modern microanalysis of organic substances. It describes 
procedures for determining carbon, hydrogen, nitrogen, sulphur, 
germanium, oxygen, carbonyl! group, amine nitrogen, nitrogen of 
nitroparaffins, alkoxyl group, and water. Moreover, this book gives 
hints on how to use the analytical balance and other laboratory ap- 
paratus. The book is a practical manual for scientists engaged in 
microanalysis of organic compounds. It can be of value to both 
undergraduate and graduate students. 


